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INTRODUCTION 

This  text-book  has  grown  out  of  the  course  of  instruction  on 
machine  tools  and  workshop  practice  at  University  College, 
Nottingham. 

Exact  measurement,  always  of  first  importance,  is  becoming 
more  necessary  in  modern  mechanical  workshop  practice,  owing 
to  the  use  of  interchangeable  parts  in  machine  construction. 

Skilled  turners  and  fitters  seldom  produce  work,  measured  by 
the  time-honoured  calipers  or  ordinary  standard  plug  and  ring 
gauges,  to  within  oooi  inch.  The  best  limit  gauges  are  accurate 
to  within  ooooi  inch,  and  can  be  more  readily  and  rapidly  used 
than  the  micrometer.  Measuring  instruments  which  depend  on 
the  feeling  of  touch  and  pressure  are  liable  to  introduce  personal 
errors  of  variable  amount.  At  the  best,  only  a  closer  approxima- 
tion can  be  attained,  since  absolute  accuracy  in  physical  measure- 
ments is  impossible.     Thus,  the  ordinary  Whitworth   machine 


measures  - 

1 

micrometer  may  enable  us  to  measure  small  dimensions  and 
magnitudes  of  the  order  ^^^^^  millimetre,  and  reveal  eleva- 
tions on  a  plane  surface,  or  errors  in  a  screw  thread,  which  no 
machine  yet  made  can  remove.  Perhaps  grinding  gives  the 
closest  approximation  to  the  true  plane  and  cylinder,  still  the 
removal  of  a  height  by  this  means  is  likely  to  produce  a  hollow. 
Obviously,  the  ordinary  workman  nowadays  has  urgent  need  of 
a  knowledge  of  his  limitations  and  of  the  methods  of  making 
delicate  measurement,  in  order  to  produce  work  cheaply  within 
a  definite  limit  of  accuracy.  He  is  aided  by  labour-saving 
automatic  machine  tools  and  limit  gauges. 
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VllI  INTRODUCTION, 

The  next  essential  is  a  thorough  grip  of  the  principles  under- 
lying the  action  of  modem  machine  tools,  and  of  the  methods 
employed  to  standardise  and  specialise  work.  For  instance,  the 
tendency  is  to  use  the  lathe  largely  as  a  roughing-out  machine, 
whilst  the  grinding  machine,  along  with  limit-gauges  for  standard 
size  of  interchangeable  parts,  takes  the  place  of  the  fitter,  except 
in  general  work.  Working  to  limit-gauges  is  found  to  be  less 
expensive  than  using  single  accurate  gauges,  and  further  reduces 
the  cost  of  erection  of  the  parts  of  a  machine.  ^ 

The  technical  press  constantly  calls  attention  to  improve- 
ments and  developments  in  grinding,  milling,  and  turret-lathe 
work.  And  are  there  not  many  handbooks  and  tables  giving 
a  summary  of  facts  and  figures  intended  for  the  trained  practical 
engineer  f 

The  aim  of  this  text -book  is  to  explain  the  construction  and 
use  of  machine  tools  in  a  connected  form,  which  long  experience 
in  practical  shopwork  and  teaching  has  proved  to  be  suitable  for 
students  attending  technical  colleges,  and  for  apprentices  or 
beginners  in  machine  shops. 

The  book  covers  a  large  range  of  subjects,  and  cannot  fail  to 
be  of  great  service  to  the  practical  worker,  helping  him  to  study 
the  action  of  the  machine  tools  he  uses,  pointing  out  how  to  do 
various  kinds  of  work,  and  enabling  him  to  understand  and 
appreciate  the  most  approved  methods  of  oi^anizing  and  doing 
work  in  modem  practice. 

WILLIAM   ROBINSON,  M.E.,  M.Inst.  C.E, 

professor  of  Engineering,  Universify  College, 

NolHnghaiH, 
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PREFACE 

The  increasing  demand  for  technical  instruction  by  engineering 
students  and  apprentices  has  led  me  to  prepare  this  book  in  the 
hope  that  it  may  prove  useful  as  an  aid  to  the  working  of  machine 
tools,  and  to  workshop  practice  generally. 

The  number  of  machine  tools  is  constantly  being  increased, 
and  the  method  of  doing  work  is  very  different  to  that  which 
was  in  operation  several  years  ago. 

In  every  branch  of  work  the  introduction  of  new  ways  of 
doing  things  has  caused  a  division  in  the  class  of  operatives. 
Many  machines  are  working  automatically  on  repetition  work 
with  a  result  quite  as  surprising  as  it  is  satisfactory.  This 
has,  therefore,  caused  a  specially  skilled  class  of  tool-makers 
to  be  employed  in  the  preparation  of  cutting  tools,  on  the  one 
hand,  while  the  machines  themselves  can  be  operated  by  men 
of  only  slight  experience. 

The  chapters  on  Measurement,  Turret  Lathes,  Grinding,  and 
Milling  have  been  prepared  and  illustrated  in  detail,  these 
being  considered  most  important. 

The  subjects  have  been  taken  up  in  the  order  found  by 
experience  in  teaching  to  be  most  suitable  for  the  beginner 
to  grasp.  Several  old  students  have  kindly  assisted  me  in  the 
revision  of  this  work. 

My  thanks  are  due  to  many  engineers  and  firms  referred  to, 
and  to  Mr.  Claude  W.  Hill,  A.M.I.C.E.,  M.I.E.E.,  M.I.M.E.,  for 
a  contribution  on  the  "  Method  of  Working." 

I  have  also  had  willing  assistance  in  the  preparation  of  this 
book  from  Messrs.  The  Brown  and  Sharpe  Manufacturing  Co., 
Providence,  R.I.,  U.S.A. ;  Messrs.  The  Jones  and  Lamson 
Machine  Co.,  Springfield,  Vermont,  U.S.A. ;  and  Messrs.  The 
Unbreakable  Pulley  Co.,  Manchester,  for  some  particulars  on 
the  transmission  of  power. 


Univ&ksitv  College,  NoirmGHAM, 
Dtcemier  li,  1904. 


ALFRED    PARR. 
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MACHINE     TOOLS 

AND 

WORKSHOP    PRACTICE 
CHAPTER  I. 

MEASUREMENT. 

The  "  unit "  from  which  our  measuremenls  of  length  have  been  taken 
is  the  "imperial"  or  "standard  yard."  In  the  strong  room  of  the 
Standards  Department  of  the  Board  of  Trade,  London,  a  bronze  bar  is 
IcepL  It  is  composed  of  copper  id,  tin  i\,  and  zinc  i  ounce  avoir- 
dupois.    It  is  38  in,  long,  and  of  section  i"  X  i". 

Let  Fig.  1  represent  the  bar.  At  AA  are  inserted  two  golden  studs. 
On  the  head  of  each  stud  a  very  fine  line  is  engraved,  and  the  distance 
between  these  fine  lines  when  the  bar  is  at  the  temperature  of  6z°  Fahr. 


Fic.  1. 

is  one  "Standard"  or  "British"  yard,  and  was  adopted  as  such  by 
Act  of  Parliament,  passed  in  1855.  Forty  copies  were  made,  and  one 
of  these,  of  bronze,  No.  11,  was  presented  to  the  United  States  by 
the  British  Government  in  1856. 

The  yard  is  the  "  unit  "  or  standard  measure  of  length  from  which 
other  Imperial  measures,  whether  Linear,  Superficial,  or  Solid,  are 
ascertained.  There  are  several  copies  of  the  standard  yard  in  this 
country  which  have  been  divided  into  three  equal  divisions  called  feel; 
the  foot  is  subdivided  into  twelve  equal  paits  called  inches. 

Further  subdivisions  of  one  inch  into  8,  16,  33,  or  64  parts,  are 
termed  respectively  "  eighths,"  "  sixteenths,"  "  tiiirty- seconds,"  or 
"  sixty-fourths,"  each  subdivision  being  half  of  the  preceding, 
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Cylindrical  standard  gauges  are  also  kept  in  the  Standards  Depart- 
ment of  the  Board  of  Trade,  and  consist  of  external  and  internal 
gauges  from  6  inches  diameter  to  o.i  of  an  inch. 

Measurements  are  taken  in  various  ways  according  to  the  size, 
shape,  and  importance  of  the  object  measured. 

Standard  rules  are  much  used  in  making  measurements.  These 
are  prepared  by  machines  which  "engrave"  the  fine  lines  to  a  high 
degree  of  accuracy  in  both  "British"  and  "Decimal"  systems. 
"  Scales  "  have  divisions  representing  one-half,  one-quarter,  one-eighth, 
etc.,  actual  size.  Pattern-makers'  rules  are  a  fractional  part  lai^er 
than  standard  size  (^  in.  to  each  foot,  the  amount  by  which  some 
patterns  are  in  excess  of  the  casting  required).  All  rules  are  not  en- 
graved, some  have  their  divisional  lines  standing  above  the  surface  of 
the  steel;  these,  however,  are  not  used  on  machined,  i.e.  tooled  work, 
but  are  used  in  the  forge  and  foundry,  where  rigorous  accuracy  in 
absolute  measurement  is  of  less  importance. 

The  "  scales "  are  used  in  the  drawing  office,  and  may  be  made 
of  "  boxwood,"  "  paper,"  or  "  ivory."  Steel  rules,  "  plated  "  to  prevent 
oxidization,  find  a  place  there. 

Boxwood  rules  are  generally  2  ft.  long  and  hinged  at  the  centre. 
The  best  kinds  are  bevelled  on  one  edge,  which,  of  course,  brings  the 
lines  close  to  any  surface  when  laid  upon  it. 

Paper  scales  are  very  convenient,  as  fine  "needle-points"  may 
be  used  upon  their  surface  without  being  in  any  way  damaged.  It  is, 
therefore,  almost  essential  for  students  commencing  "  machine  drawing  " 
to  use  these  scales. 

Ivory  rules  are  finely  lined  and  finished;  they  are  made  two  and 
four  fold,  and  are  exclusively  used  on  drawings. 

Steel  rules  are  made  2,  3,  4,  6,  12,  34,  or  36  inches  in  length, 
and  in  special  cases  much  longer. 

Ubbb  of  Steel  and  other  Rules. — We  may  transfer  a  measurement 
from  a  steel  rule  to  another  object,  but  our  setting  of  the  tool,  whether 
dividers,  compasses,  calipers,  or  trammels,  will  depend  upon  our  sense  of 
sight;  this  is  called  "line  measure"  Strictly  speaking,  measurements 
thus  obtained  are  only  approximate,  and,  as  a  matter  of  fact,  can  be 
worked  to  only  as  such. 

Example  (i). — Suppose  eight  workmen  were  asked  to  measure  a 
rod  of  iron,  whose  actual  length  at  first  was  5  '"■>  and  each  told  to 
reduce  the  length  by  filing  away  one-eighth  of  an  inch,  using  only  a 
steel  rule  to  measure  with.  If  each  workman  actually  filed  one-eighth  of 
an  inch  away,  neither  more  nor  less,  the  rod  when  finished  would  be  4  in. 
long.  Such,  however,  would  not  be  found  to  be  the  case  when  com- 
paring the  rod  with  a  known  standard  4  in.  long. 

End  and  Line  Meaaarement.  Example  (3). — A  pulley  may  be 
required  to  fit  tightly  on  a  a^-in.  shaft,  and  to  be  20  in.  in  diameter, 
and  6  in.  wide  on  the  "  face." 

The  diameter  and  width  may  be  satisfactorily  ascertained  by  a  steel 
rule,  because  these  dimensions  are  not  particular  to  y^th  of  an  inch, 
so   that   a    steel    rule  will  answer  for  all   practical    purposes   in  such 
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work.  The  bore  of  the  pulley  cannot  be  measured  with  a  steel  rule, 
because  the  difference  between  a  sliding  fit  and  a  driving  fit  is  too 
small  an  amount  for  a  steel  rule  to  indicate  to  the  naked  eye.  It  will  be 
necessary  to  transfer  the  measurement  of  a  "  fixed  standard "  and 
compare  the  bore  of  the  pulley  with  it.  That  is,  a  cylindrical  gauge 
of  2^  in.  or  a  rod  z^  in.  long  must  be  used,  and  the  diameter  of  the 
hole  compared  with  this  length. 

From  such  examples  it  will  be  seen  that  there  is  a  distinct  difference 
between  the  use  of  a  rule  and  that  of  a  gauge.  The  former  tells  us 
dimensions  by  the  sense  of  sight,  the  latter  by  the  sense  of  touch. 

MeaBuiBment. — Steel  rules  are,  therefore,  for  "  line  "  measures,  and 
are  made  fairly  reliable.  Of  course,  the  price  regulates  the  quality,  and 
three  shillings  is  not  a  large  outlay  for  a  good  rule. 

A  i2-in.  rule,  to  be  of  general  service,  should  contain  the  following 
measurements  : — 

It  should  be  marked  on  four  edges. 

The  first  edge,  inches  subdivided  into  8ths,  i6ths,  sands,  and  64ths. 
The  second,  inches  into  laths,  34ths,  and  48ths. 
The  third,  inches  into  loths,  2oths,  5oths,  and  looths. 
The  fourth  into  milUmetres. 

It  is  far  better  to  have  one  steel  rule  which  contains  all  the  divisions 
we  are  likely  to  want  in  the  several  departments  than  to  have  two  or 
three  rules  with  different  measurements ;  as,  for  instance,  a  "  London  " 
measure,  i^.  Inches  into  eighths  and  subdivisions  of  eight;  another, 
"  decimal "  into  tenths  and  subdivisions  of  ten. 

In  ordinary  practice,  where  subdivisions  of  eight  are  worked  to 
absolutely,  rules  are  frequently  used  having  these  divisions  and  no 
other,  but,  as  previously  stated,  their  use  is  very  limited. 

In  the  Royal  Arsenal  and  many  other  large  establishments  the 
Decimal  System  is  used,  whereby  one  inch  is  taken  as  the  standard, 
and  from  which  subdivisions  of  tenths  are  taken  as  a  basis  of 
calculation.     Both  steel  rules  and  gauges  are  made  in  this  system. 

Another  useful  instrument  is  the  micrometer  gauge,  by  means  of 
which  measurement  may  be  easily  made  to  y^^  part  of  an  inch. 

The  above  system  is  superior  to  that  of  divisions  of  eight,  since 
it  is  much  more  convenient  to  calculate  divisions  of  ten.  The  rules 
are  marked  as  follows :  inches  into  tentiis,  twentieths,  fiftieths,  and 
hundredths  respectively,  and  the  fixed  gauges  on  the  same  principle. 

The  Hetrio  Sy stem.  New  Standard  Metre.^Figs.  2  and  3  show  the 
forms  of  the  new  metric  standards  of  length  and  mass  respectively 
{Prototypes  Nationaux)  delivered  to  the  Board  of  Tradt  by  the 
International  Committee  of  Weights  and  Measures  at  Paris,  on  the 
i8th  of  September,  1889;  a  third  and  final  standard  being  received 
from  the  Committee  in  December,  1894, 

The  two  standards  received  in  1S89  include  a  "line"  standard 
metre  measure  (mitre-&-traiti)  and  a  kilogram  weight.  The  standard 
received  in  1894  is  an  "end"  standard  metre  {milre-d-bouts). 

These  three  standards,  together  with  other  similar  standards  supplied 
to  twenty-one  different  states,  are  {inter  aiia)  the  outcome  of  the  results 
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of  Ihe   labours   of   the   International    Committee  for   nearly   twenty 

The  standards  were  verified  at  the  Bureau  International  des  poids  et 
mesures  (Pavilion  de  Breteuil,  Sfevres,  prh  Paris),  which  Bureau  was 
established  under  a  metric  convention,  dated  the  20th  of  May,  1875, 
signed  by  twenty  high  contracting  states,  exclusive  of  Great  Britain,  who 
finally  joined  the  convention  in  September,  1884. 

The  Committee  is  founded  and  maintained  by  common  contribu- 
tion from  all  countries  who  are  parties  to  the  convention. 

The  Committee  was  charged  in  1875  with  the  construction,  restora- 
tion, and  verification  of  new  metric  standards  (Prototypes  InternatioHaux) 


to  replace  the  original  metric  standards  of  France  {mitre  et  kilogramme 
des  archives),  and  with  the  verification  of  copies  of  the  new  standards 
for  all  the  contracting  states.  By  such  means  the  inter- 
national accuracy  of  metric  standards  is  now  assured 
throughout  the  world.  The  two  metric  standards  above 
referred  to  are  made  of  ir id io- platinum,  or  an  alloy  of 
90  per  cent,  of  platinum  and  10  per  cent,  of  iridium. 

The  metres  are  in  transverse  section  nearly  of  the  form 

__     of  the  letter  X,  known  as  the  tresca  form  (Fig.   2),  an 

Kilogram     economic    form   (iridio-platinum   being   a  costly   metal), 

weighi.       scarcely  affected  by  heat,  practically  non-oni disable,  and 

well  adapted  for  receiving  finely  engraved  hnes.     In  fact, 

the  alloy  appears  to  be  of  all  substances  the  least  likely  to  be  affected 

by  time  or  circumstances,  and  has  been  preferred  for  standard  purposes 

to  rock  crystal,  gold,  etc. 

The  lines  in  the  m^tre-&-lrails  are  very  fine,  and  are  barely  visible  to 
the  naked  eye. 

The  iridio-platinum  standards  were  constructed  in  London  under  the 
care  of  George  Mathey,  Esq.,  F.R.S.,  and  were  finished  by  Messrs. 
Brunner,  M.  Collot,  and  M.  Laurent,  of  Paris.  The  lines  on  the  metre 
were  traced  by  M.  G.  Tresca  at  the  Conservatoire  des  arts  et  matiers, 
Paris. 

The  actual  relation  of  our  prototype  metre.  No,  16,  is  as  follows  :  — 


At  o''C.,  No.  16  =  I  metre  - 


oV+  - 


-  at  0°  C. 


Here  ft  means  one  micron,  or  ^^  of  a  millimetre  (or  neariy  0-00004 
inch),  so  that  metre  16  may  be  said  to  have  been  verified  with  an 
accuracy  of  one  part  in  five  millions  (Chaney). 
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The  Commercial  Value  of  a  Standard.— The  nation  having  at  its 
disposal  a  standard  of  length,  the  question  arises,  "  What  use  can  be 
made  of  it  commercially,  and  how  do  we  know  when  we  have  a  copy  of 
the  standard?" 

In  1893  the  Brown  &  Sharpe  Manufacturing  Co.  decided  to  make 
a  new  standard  to  replace  the  one  they  had  at  that  date.  Mr.  O.  J- 
Beale  was  detailed  to  do  this  work.  He  prepared  sleel  hars  ahout 
40  in,  long  by  ij  in.  square,  and  after  planing  them  they  were 
allowed  to  rest  for  several  months.  At  the  end  of  these  bars  he  inserted 
two  gold  plugs,  the  centres  of  which  were  about  36  in.  apart,  and 
a  little  beyond  these  two  others  about  one  metre  apart.  A  bar  was 
placed  in  position  upon  a  heavy  bed.  This  was  so  arranged  that  a 
tool-carrier  could  be  passed  over  the  bar.  The  tool-carrier  consisted 
of  a  light  framework  holding  the  marking  tool.  One  feature  of  the 
marking  was  that  the  point  of  the  marking  tool  was  curved  and  had  an 
angle,  so  that  if  dropped  it  made  an  impression  in  the  form  of  an  ellipse. 
In  graduations  ordinarily,  the  line,  when  highly  magnified,  is  apt  to 
present  at  its  ends  an  impression  less  definite  than  in  the  centre,  by 
reason  of  the  form  of  the  objective.  The  line  made  with  the  tool,  as 
stated,  is  short,  and  that  portion  of  the  line  is  read  which  passes, 
apparently,  through  the  straight  line  in  the  eye-glass  of  a  microscope. 
In  order  to  make  these  lines  as  definite  as  possible,  the  point  was 
lapped  to  a  bright  surface.  After  being  placed  in  position,  the  micro- 
scope, which  could  be  placed  on  the  front  of  the  tool-carrier,  was  set  to 
compare  with  the  graduations  on  the  standard  bar  from  which  the  new  bar 
was  to  be  prepared.  After  such  a  setting  the  readings  were  made  by  three 
persons,  and  by  turning  the  lever  the  marking  tool  was  dropped,  making 
a  very  fine  line,  so  fine  indeed,  that  when  the  authorities  in  Washing- 
ton began  the  examination  of  the  bar,  later  on,  they  declared  that  no 
line  had  been  made  upon  these  studs. 

After  making  the  first  line,  the  carriage  was  moved  along  to  compare 
with  the  other  line  on  the  standard,  and  after  the  correction  had  been 
made  by  the  use  of  the  micrometer  in  the  microscope,  the  marking  tool 
was  again  dropped,  giving  the  second  line,  which  was  intended  to  mark 
the  limit  of  one  yard  over  all.  The  same  operation  was  repeated  in  the 
marking  of  the  metre.  The  whole  of  this  work  was  done,  of  course, 
with  the  greatest  care,  and,  while  the  theoretical  portion  of  it  appears 
very  simple  in  detail,  it  required  a  great  deal  of  time  and  patience 
before  the  last  line  could  be  made.  The  bar  thus  marked  was  taken 
to  Washington  and,  in  Mr.  Beale's  presence,  was  compared  by  the 
attendants  with  bronze  No.  11,  and  later  with  Low  Moor  bar,  No.  57. 

In  comparing  this  standard,  a  process  was  gone  through  which  was 
similar  to  that  used  in  marking  it.  The  bar,  properly  supported, 
was  placed  upon  a  box  that  rested  upon  rolls,  and  on  this  same  box 
was  placed  the  Government  standard  with  which  the  Brown  &  Sharpe 
standard  was  to  be  compared.  The  standard  was  placed  in  position 
under  the  microscope,  and  after  being  properly  set  to  the  standard, 
the  bar  to  be  measured  was  placed  under  the  microscope,  and  by 
the  micrometer  screw  of  the  microscope  the  variation  was  measured. 
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Three  comparisons  were  made  by  each  of  the  attendants  on  each  end 
before  determining  the  reading  of  the  microscope,  and  after  such  com- 
parisons, and  many  repetitions  of  them,  the  value  of  the  standard  No.  2 
was  found  to  be  36-00061  in.  for  the  yard  and  i'ooooi47m.  for  the 
metre. 

After  this  work  had  been  done,  Mr.  Beale  prepared  a  second 
standard,  which  he  called  No.  3,  and  after  examining,  as  shown  above, 
the  error  was  found  to  be  o'ooooz  in.  to  the  yard  and  0*000005  ™' 
for  the  metre.  Observing  these  variations  as  compared  with  the  standards 
originally  made,  we  find  they  are  very  close,  and  it  Is  doubtful  if  many 
repeated  trials  would  furnish  more  accurate  work  when  we  remember 


Fig.  4.  — Setting  calipers. 

that  out  of  the  forty  original  standards  made  but  two  are  correct  at 
62  degrees  Fahrenheit. 

After  establishing  a  yard,  the  problem  of  obtaining  an  inch  comes  next, 
and  this  was  made  by  subdividing  the  yard  into  two  equal  parts,  these  into 
tliree,  and  the  three  again  subdivided  into  six  parts.  It  should  be 
particularly  noted  that  no  mention  has  been  made  of  a  standard  inch, 
as  there  is  none,  the  standard  yard  only  existing,  the  subdivision  of 
which  falls  upon  those  undertaking  standard  work.  There  is  a  remark- 
able agreement  between  at  least  three  leading  firms  of  gauge-makers  in 
this  country  and  abroad,  and  each  came  to  the  result  by  its  own  method 
of  subdividing  ihe  standard  yard. 

Use  of  Ueaaurement.  Calipers. — Calipers  are  of  two  kinds;  those 
which  are  used  to  obtain  the  diameters  of  cylindrical  shafts  or  discs  are 
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called  "  outside "  calipers,  and  those  used  to  spar  the  "  bore "  of  a 
cylinder  or  other  internal  surfaces  are  "  inside  calipers."  The  half- 
tone. Fig.  4,  shows  a  cylinder  cover  (2)  the  diameter  of  whose  flange  has 
been  spanned  by  the  outside  calipers,  and  from  which  the  "  insides " 
are  being  gauged  or  set. 

This  gauging  by  the  calipers  does  not  tell  us  the  exact  number  of 
inches,  or  fraction  of  inches,  any  piece  of  work  may  be ;  this  is  not  their 
function. 

Calipers  are  not  measuring  tools,  but  rather  instruments  by  the  aid 
of  which  measurements  may  be  transferred  from  one  object  to  another. 

The  operation  is  always  delicate,  and  can  only  be  properly  done  in 
one  way.     Referring  to  Fig.  4,  it  will  be  seen  that  the  inside  calipers 
arc  held  in  the  left  hand,  with  the  extremity  of  one  leg  resting  on  the 
end  of  the  long  finger ;  then  with  the  outside  calipers 
held  as  shown,  and  with  the  lower  leg  cushioned  on 
the  same  finger,  a  slight  movement  with  the  left  hand 
brings  the  two  upper  extremities  in  contact. 

This  contact  pressure  is  obtained  by  the  "  sense 
of  touch,"  and  is  frequently  set  to  within  one  twenty- 
five  thousandth  of  an  inch  of  error.  These  calipers 
being  jointed  epables  them  to  be  used  as  shown, 
with  the  jaws  set  8  in.  apart,  or,  if  it  were  desired, 
any  intermediate  sizes  down  to  4  in.  could  be  equally 
well  spanned. 

For  work  of  less  dimensions,  pocket  calipers  are 
used.  These  should  always  be  made  in  two  distinct 
pairs,  i.e.  outside  and  inside.  There  are,  however, 
some  calipers  which  are  made  to  perform  double 
duty,  being  so  constructed  that  when  the  outsides 
span  a  2-in.  shaft,  the  opposite  end  shows  a  pair  of 
insides  opened  2  in.  apart.  These  are  not  to  be 
relied  upon,  because,  to  keep  them  accurate,  equal 
wear  would  be  essential.  Another  objection  is  their 
clumsiness  for  handling. 

A  very  useful  form  of  calipers  is  shown  in  Figs.  5  Fm,  6. 

and  6,  The  joint  is  so  made  as  to  be  drawn  together 
by  means  of  a  screw,  and  may  be  tightened  to  any  degree.  There  is 
a  further  improvement  by  having  a  short  additional  leg  and  a  screw- 
locking  arrangement.  This  permits  the  calipers  to  be  inserted  in  the 
cavity  of  a  chambered  hole;  then  the  small  leg  is  set  and  secured. 
By  releasing  the  calipers  at  the  main  joint  they  can  be  withdrawn  ; 
then  by  simply  closing  them  on  to  the  small  leg,  the  gap  between 
the  jaws  is  exactly  the  thickness  of  the  piece  originally  measured. 
A  further  advantage  is  that  no  amount  of  jar,  or  even  dropping  on 
the  floor,  can  disturb  the  fixity  of  the  joint. 

Calipers  are  made  in  several  other  forms.  Those  shown  in  Figs. 
7-12  are  the  "Fay"  patent,  by  " Slarrelt,"  Fig.  7  shows  thread 
calipers.  These  are  used  in  sizing  screw  threads,  which  necessitates 
the  broad  points.    Figs.  8  and  9  are  for  use  on  general  work,  as  are  also 
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Figs.  10  and  1 1.  The  latter  are  specially  made  for  use  in  measuring  the 
distance  of  a  slot  or  keyway  from  a  surface.  The  inside  face  of  the 
long  leg  is  flat  and  true.  This  is  set  against  the  wall  of  the  keyway, 
whilst  the  curved  leg  is  adjusted  to  the  required  distance. 

A  pair  of  spring  dividers  of  similar  construction  is  shown  in 
Fig.  12.  It  should  be  stated  that  in  some  cases  the  solid  nut  is 
replaced  by  a  spring  nut;  the  latter,  being  split,  can  be  instantly 
withdrawn  or  closed,  thereby  saving  the  time  usually  occupied  in 
screwing. 


10  II 

Calipers  and  Dividers. 

Students  and  apprentices,  before  attempting  to  make  calipers  for 
their  own  use,  should  note :  The  best  calipers  are  of  steel  throughout, 
the  joint  large,  the  holes  reamed,  the  rivet  turned  and  well  fitted,  the 
points  rounded  Jn  respect  to  length,  and  transversely  also  hardened  and 
tempered.  The  "outside  pair,"  when  closed,  should  admit  an  ellipse 
between  the  bows. 

Final  Test  of  Calipers. — Open  the  bows,  and  close  them  gradually  in 
one  hand.  If  they  close  with  an  equal  pressure,  they  will  be  a  useful 
pair.  If,  however,  they  close  with  jerks,  this  proves  that  the  joint  is 
faulty,  and,  therefore,  unreliable  for  particular  work. 
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In  making  inside  calipers,  the  above  process  is  adopted,  except  in 
the  shaping  and  final  bending  of  the  legs.  The  legs  must  be  finely 
tapered  and  thinned  towards  the  points ;  the  bending  should  be  done 
while  the  legs  are  held  by  a  temporary  rivet  The  angle  formed  by  the 
bend  is  less  than  a  right  angle,  thus  enabling  the  points  to  reach  the 
root  of  a  recess  or  counterbore.  The  points  should  not  be  bent  to  a 
large  curvature,  or  they  will  not  be  useful  in  gauging  a  hole  at  its  root. 
For  this  see  Figs.  4,  6,  and  10. 

"  Spring  bow  "  calipers  ought  not  to  be  sprung  over  the  surface  of 
a  piece  of  work  when  gauging  it,  but  "  passed  over,"  with  just  a  per- 
ceptible touch.  The  bow,  or  springy  portion  of  the  calipers,  is  extremely 
sensitive,  and  will  at  once  indicate  when  the  faintest  contact  is  made 
between  the  caliper  points. 

Limit  Oaapes. — In  the  manufacture  of  machinery,  where  interchange- 
ability  is  an  essential  feature,  it  is  necessary  to  adopt  definite  amounts 
of  tightness  and  looseness,  or  limits  when  fitting  one  part  to  another; 
within  which  limits  work  will  be  regarded  as  satisfactory,  and  after 
standards  have  been  adopted,  it  is  essential  that  gauges  should  be  at 
hand  to  maintain  them  accurately. 

The  advantages  of  the  system  of  using  limit  gauges  is  being 
appreciated  more  and  more  in  the  manufacture  of  machines  and  tools, 
as  by  the  use  of  this  system  the  time  consumed  in  testing  and  gauging 
is  reduced  to  a  minimum,  and  the  duplication  of  parts  is  insured, 
together  with  a  corresponding  reduction  in  the  cost  of  production.  For 
example,  if  it  is  desired  to  have  a  large  number  of  |-in,  (o'6a5)  shafts 
made,  all  of  which  should  fit  the  same  sized  bearing,  it  would  be  com- 
paratively expensive  to  grind  all  these  shafts  to  0*625  '"■  standard,  as 
the  case  required,  and  the  time  spent  in  gauging  and  testing  would 
amount  to  a  large  percentage  of  the  time  of  production.  But  if  a 
variation  of  o'ooi  is  allowed  in  the  diameter,  the  time  required  to 
grind  these  shafts  can  be  reduced  considerably;  all  shafts  which  are 
ground  less  than  o'624  in.  and  more  than  o'6z5  in.  being  rejected.  To 
work  conveniently  and  economically  between  these  limits  the  workmen 
should  be  provided  with  limit  gauges,  or  snap  gauges,  as  they  are 
commonly  called.  These  gauges  are  not  only  used  as  references  for 
finishing  operations,  but  are  of  great  advantage  in  roughing  work  for 
finishing.  By  this  method  the  same  amount  of  stock  is  left  on  each 
piece,  thus  enabling  the  operator  who  finishes  the  pieces  to  work  to 
much  better  advantage  than  if  the  pieces  were  of  various  sizes. 

A  very  convenient  forai,  shown  in  Fig.  13,  is  that  having  both  sizes 
embodied  in  one  gauge.  Openings  are  provided,  one  at  each  end, 
giving  the  maximum  and  minimum  limits.  Gauges  of  this  type  are 
stamped  with  the  words  "  Go  oh  "  and  "  Not  go  on."  The  larger  end, 
or  the  end  that  should  "  go  on,"  receives  the  most  wear,  has  longer 
wearing  surfaces,  and  rounded  comers,  while  those  of  the  other  end 
are  cut  off  at  an  angle,  thus  enabling  the  operator  to  easily  and  quickly 
distinguish  the  larger  from  the  smaller  end  without  looking  at  the  sizes 
stamped  upon  the  gauge.  When  these  gauges  are  made  of  good  steel 
and  properly  hardened  they  wear  very  slowly. 
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To  reduce  the  wear  of  the  gauge  to  a  minimum,  the  work  should  be 
passed  between  the  jaws  only  once  in  testing,  and  the  work  should  be 
small  enough  to  pass  between  the  jaws  of  the  large  end.  In  no  case 
should  the  piece  be  "jammed"  through  the  gauge. 


Fig.  14. 

Gauges    for    internal    work   are  used   in  a  similar  manner  (see 

Fig-  14)- 

Standard  Caliper  Oangfes. — Perhaps  the  most  desirable  for  general 

shop  use  are  the  standard  caliper  gauges  (Fig.  15),  They  are  light  and 
convenient,  one  end  being 
used  for  inside,  and  the 
other  for  outside  measure- 
ments. Their  use  renders 
impossible  the  mistakes 
that  often  occur  in  setting 
calipers,  and  eliminates  to 
a  large  degree  the  personal 
errors  which  appear  when 
work  is  measured  in  the 
ordinary  way,  thus  secur- 
ing greater  uniformity  in 
the  duplication  of  machine 
Fig.  15.— Limit  gauge.  parts. 

Fig.  13  is  a  ^in.  gauge, 

made  of  one  piece  of  steel,  hardened  and  ground  to  a  high  degree 

of  accuracy.     The  sizes  commence  at  ^  in,,  and  rise  by  y«  'n-  to  ^i  'o. ; 
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above  this  up  to  7  in.  they  advance  by  \  in.  These  gauges  answer 
equally  well  on  some  classes  of  work  with  the  cylindrical  external 
and  internal  gauges,  but  the  latter  have  a  greater  range  of  usefulness 
(Fig.  15A).  For  instance,  an  internal  gauge  will  tell  us  if  a  bored 
hole  is  parallel  and  cylindrical  because  it  resembles  the  shaft  or  axle 
to  a  perfect  degree.    With  it  work  may  be  bored  and  tested  or  gauged 


Fig.  15A. — Cyliodtical  gauge. 

to  a  degree  of  accuracy  which  will  warrant  a  perfect  fit  of  the  shaft  or 
axle  without  a  trial  being  necessary. 

Standard  Reference  DIbob  (Fig.  16)  are  a  somewhat  recent  addition 
to  the  tool-room,  and  one  which  will  still  further  reduce  the  possibility 
of  error.     These  serve  well  in  shop  practice  in  testing  measuring  tools, 
setting  calipers,  etc.     The  discs  are  used  generally  in  place  of  standard 
cylindrical  gauges,  but  are  not  to  be  recommended   for  constant  use 
as  substitutes  for  these.    They  are  designed  to  serve  principally  as  refer- 
ence,  not    as    working, 
gauges.    The  smallest  is 
i  in.,  and  they  rise  by 
^  in.  to  3  in.  diameter. 

Snd  MeaBuring 
BodB  are  of  hardened 
steel  (Fig.  17)  accurately 
ground,  so  that  the  ends 
form  sections  of  true 
spheres,  whose  diameters . 
are  equal  to  the  length 
of  the  rods ;  they  are 
used  when  making  rings, 
cylinders,  etc.,  and  as 
reference  tools  in  setting 
calipers,  etc.,  or  in  com- 
paring gauges  and  work  Fig.  16.— Standard  reference  discs, 
of   a   simple   character. 

They  are  also  useful  for  measuring  parallel  surfaces,  since  the  spherical 
ends  will  pass  such  surfaces  without  cramping,  like  spheres  of  the  same 
diameter. 

Originally  a  "  m6te "  or  movable  gauge  was  used,  consisting  of  a 
metal  tube  plugged  and  pointed  at  one  end,  whilst  at  the  other  a  rod  of 
iron  could  be  inserted  and  secured  at  any  position  by  a  set-screiv;  these 
extended  rods  were  very  liable  to  alteration  during  use. 
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The  Wire  Qange.— The  legal  standard  wire  gauge  was  established 
by  the  Board  of  Trade  man  Order  in  Council  issued  on  August  23,  1883. 
This  order  came  into  force  on  March  i,  1884.  There  is  consequently 
now  only  one  wire  gauge  that  can  be  legally  used  for  buying  and  selling 
wire  in  Great  Britain.  The  Board  of  Trade  standard  wire  gauge  is  not 
an  instrument,  but  is  simply  a  table  of  numbers,  and  each  number 
represents  "equivalents  in  parts  of  an  inch,"  or  "equivalents  in  metric 
millimetres  "  given  opposite  each  number  in  the  table.  We  give  a  copy 
of  that  table,  and  with  it  a  table  of  wire  gauges  used  in  the  United 
States  of  America  for  comparison. 

It  will  be  observed  that  the  Stubs'  wire  gauge  and  the  Birmingham 
wire  gauge  are  the  same.  Unfortunately,  the  Board  of  Trade  standard 
wire  gauge  was  described  in  the  order  of  the  council  as  B.W.G.,  thus 
confusing  it  with  the  Birmingham  wire  gauge,  with  the  result  that  makers 
of  gauges  took  advantage  of  this,  and  stamped  "  B.VV.G."  on  the  wire 
gauges  they  made  and  sold.     In  cases  of  dispute,  however,  no  wire 


Flo.  17. — End  measuring  rod. 

gauge  can  now  be  produced  in  a  court  of  law  unless  it  has  been  verified 
and  stamped  by  an  inspector  of  weights  and  measures. 
There  are  now  in  England  passing  as  B.W.G.— 

(1)  The  standard  wire  gauge; 

(2)  Stubs'  wire  gauge ; 

(3)  Imperial  wire  gauge; 

(4)  Iron  wire  gauge ; 

a  multiplicity  which  causes  inconvenience  and  irritation  in  trade. 

Had  the  Board  of  Trade  described  the  gauge  as  the  British  Standard 
Wire  Gauge  {B.S.W.G.),  all  other  gauges  would  have  been  disestablished, 
and  much  inconvenience  and  confusion  prevented. 

Method  of  obtaining  a  Working  Pit.— There  is  a  little  difference 
allowed  in  measurement  when  fitting  together  two  cylindrical  objects, 
so  as  to  give  freedom  when  working.  Hence  we  have  what  is  known 
as  a  "  working  fit." 

This  difference  in  diameter  may  be  scarcely  appreciable  in  some 
work,  and  still  be  sufficient,  or  it  may  be  free  enough  to  shake,  and  yet 
be  no  serious  detriment. 

All  this  depends  upon  two  things :  what  the  work  is,  and  what  is 
expected  from  it. 

Let  us  take  two  common  examples.  First :  Suppose  a  steam-engine 
piston  is  turned  and  fitted  to  the  cylinder,  just  a  "  free  fit,"  so  that  it 
will  travel  from  end  to  end  without  obstruction ;  and  for  the  second : 
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The  "  poppet "  of  a  lathe  headstock,  which  must  be  turned  and  carefully 
fitted  into  its  place  by  "  grinding  "  with  flour,  emery,  and  oil,  a  process 
which  burnishes  both  the  "  bore  "  of  the  hole  and  the  steel  poppet  alike, 
with  this  result  also  (if  the  work  is  skilfully  done)  there  is  a  perfect 
coincidence  between  the  two  surfaces,  without  the  slightest  amount  of 
slack  fitting  from  end  to  end.  Now,  both  the  piston  and  the  poppet 
are  "sliding  fits"  when  finished;  hut  there  is  this  difference,  the  piston 
has  not  to  be  so  good  a  fit  as  the  poppet,  because  the  piston-rings  do 
the  work  of  exactly  fitting  the  cylinder.  On  the  other  hand,  if  the  lathe 
poppet  were  turned  like  the  piston,  it  would  be  useless,  because  it  has 
important  work  to  do,  and  any  appreciable  looseness  would  at  once 
condemn  it  as  unfit  for  the  purpose  intended,  i>.,  keeping  in  perfect 
alignment  in  any  position. 

Very  much  depends  upon  the  formation  of  the  cutting  tools  used 
when  finishing  cylindrical  pieces  to  be  fitted  into  bored  holes;  for 
instance,  wrought  iron  and  mild  steel  "shafting"  is  turned  with  one 
cut  only,  but  axles,  spindles,  and  many  other  steel  forgings  require  two 
or  more  roughing  cuts  before  the  final  cut  can  be  taken. 

Especially  is  this  the  case  when  the  work  is  short,  but  has  to  be 
considerably  reduced  in  dimensions  in  the  lathe  instead  of  taking  the 
trouble  to  first  forge  it  into  shape.  The  cutting  edges  of  a  lathe  tool 
for  finishing  should  be  made  so  as  to  present  a  curved  lead  to  the  work 
followed  by  a  little  parallel  facet  which  merges  into  a  short  curved 
decline. 

Some  discretion  is  required  when  using  these  tools,  because  of  their 
tendency  to  "dig,"  which  will  be  sure  to  happen  when  finishing  slender 
rods,  unless  the  cut  is  a  very  small  one.  The  reason  for  having  the 
flat  facet  on  the  tool-nose  is  that  it  reduces  the  traversing  marks,  and 
leaves  the  work  smooth  enough  to  need  little  or  nothing  to  be  finished 
by  fihng  and  polishing.  Very  small  work  which  refuses  a  broad-nosed 
tool  can  be  better  treated  by  a  tool  having  a  small  curvature  instead 
of  a  flat  facet  at  the  point  of  contact;  let  the  traverse  be  made  exceed- 
ingly fine^-say  forty  revolutions  to  r  in.  of  feed,  then,  with  a  liberal 
supply  of  lubricant  the  speed  may  be  considerably  increased,  and  more 
satisfactory  results  obtained.  The  chief  features  of  the  modem  turret 
lathe  are  a  plenteous  flow  of  lubricant,  a  high  speed,  and  a  fine  feed. 

Bicycle-hub  forming  machines,  screwing  and  stud-making  machines, 
are  examples  of  this  plan. 

When  putting  on  the  finishing  cut,  to  test  the  final  size,  a  standard 
cylindrical  gauge  {or  reliable  duplicate)  ought  to  be  measured,  very 
carefully  noting  the  pressure,  which  should  be  the  same  over  both  gauge 
and  work.  ■  In  well-ordered  shops  engaged  on  repetitionary  work  a 
limit  gauge  would  be  first  used  {see  Limit  Gauges),  so  that  by  its  use 
the  amount  of  finishir^  is  known. 

Cast  iron,  will  finish  to  a  better  surface  with  a  spring  toot  having  a 
broad  nose,  which  really  acts  as  a  scraping  tool.  Some  castings,  however, 
are  so  porous  as  to  make  it  extremely  diflScult  to  remove  the  "  pitted 
marks,"  and  in  such  cases  a  second  spring-tool  cut  should  be  taken  at  as 
high  a  rate  of  speed  as  is  possible  widiout  softening  the  tool.   Afterwards 
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the  surface  is  scraped  with  liand  tools  while  the  work  revolves  at  a  high 
velocity. 

Filing  is  Eo  be  avoided  as  far  as  possible,  as  the  original  roundness 
is  to  some  extent  sure  to  be  sacrificed  by  the  file.  The  hand-scraping 
tools  are  held  on  an  elbow-rest  fixed  under  the  tool-clamps. 

The  rest  is  brought  close  up  to  the  revolving  casting,  and  to  prevent 
the  tool  from  chattering  a  thin  strip  of  leather  is  placed  beneath  it ;  this 
considerably  reduces  the  tendency  to  vibrate. 

When  scraping  up  surfaces  which  form  right  angles,  but  have  a  fillet, 
especially  in  large  castings,  chattering  can  scarcely  be  avoided,  but 
these  marks  can  be  eliminated  by  using  a  piece  of  coarse  sandstone, 
worked  uniformly  against  the  surface,  which  must  revolve  at  a  high 
speed. 

Brass  will  admit  of  much  similar  treatment  to  cast  iron,  but  wrought 
iron,  mild  steel,  malleable  cast  iron,  and  tool  steel,  will  not  scrape  up 
with  hand- scrapers.  In  fact,  when  machining  these  metals,  cutting  tools 
with  more  acute  angles  have  to  be  used.  There  may  be  occasionally  a 
casting  made  in  malleable  iron,  which  will  scrape  up  well,  but  there  is  a 
lack  of  homogeneity,  and  therefore  no  reliance  can  be  placed  on  it  in 
this  respect. 

Immeasurable  Differenoee. — When  it  is  intended  to  make  the  fit 
between  an  axle  and  wheel  extremely  tight,  the  shaft  is  left  a  little  in 
excess  in  diameter,  and  the  wheel  boss  is  heated  to  expand  the  hole 
until  the  axle  will  pass  in  freely.  Afterwards  water  is  poured  on,  and 
the  wheel  contracts,  and  grips  the  shafL 

In  railway  shops  the  driving-wheels  are  forced  on  to  the  axles  by 
hydraulic  pressure,  but  for  work  of  less  dimensions — such,  for  instance, 
as  the  phosphor  bronze  bushes  which  are  to  act  as  bearings  for  spindles, 
or  shafts  in  machine  tools — the  fits  are  tightly  made  by  "  drawing  "  the 
bushes  home  by  means  of  a  stout  bolt  and  nut  and  two  or  more 
smoothly-faced  washers. 

The  difference  in  diameter  between  the  two  fitting  parts  is 
immeasurable  by  ordinary  tools  (about  jjg  of  an  inch),  but  it  is  always 
perceptible  to  the  "  touch  "  or  "  feel "  of  the  calipers.  Another  case  is 
that  of  reproducing  a  facsimile  of  any  standard.  Here  the  pieces  are 
to  agree  exactly.  The  difference  allowable  is  scarcely  perceptible  to 
the  "  feel,"  because  it  is  really  only  so  much  as  a  litde  polishing  with 
emery  and  oil  will  remove.  This  is  only  to  be  properly  done  by  care 
and  experience,  but  to  those  untaught  it  may  be  of  interest  to  know 
that  there  are  many  pieces  of  work  made  so  near  to  the  gauge  that  trial 
is  only  made  because  it  is  satisfactory.  Indeed,  in  the  Ordnance 
Department  of  the  Royal  Arsenal  the  taper  portion  of  the  guns  are  never 
tried  in  position  until  they  are  suspended  and  shrunk  in  place  finally. 
That  is  to  say,  the  internally  tapered  shell  is  made  to  a  gauge  in 
one  of  the  workshops,  and  the  huge  gun  is  turned  to  a  similar  taper  in 
another  workshop,  but  the  fitting  is  done  away  from  either,  and  so 
accurate  is  the  coincidence  between  the  two  pieces  that  it  can  be  pre- 
determined how  far  the  taper-gun  will  telescope  its  shell  without  any 
external  force  other  than  gravity  being  made  use  of. 
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The  "  Whitworth  "  Heasnrin;  Haobine. — In  the  construction  of 
instruments  of  precision,  as  well  as  in  the  manufacture  of  all  kinds  of 
"standards"   of  reference,  such   as    the  gauges   previously  shown,  it 

is  imperative  to  have  a  machine  which  will  measure  accurately. 

The  machine  illustrated  in  drawing  No.  i8  is  from  a  drawing  supplied 
by  Sir  W.  G.  Armstrong,  Whitworth  &  Co.  of  Manchester,  to  whom  I  am 
indebted  for  this  and  other  drawings.  This  machine  is  capable  of 
detecting  a  difference  of  y^^og  part  of  an  inch  in  the  length  of  two  bars. 
Four  views  of  the  machine  are  shown,  viz,  a  sectional  elevation,  a  plan, 
and  two  end  views,  from  which  the  construction  may  he  clearly  seen. 
In  the  front  elevation,  two  bars,  A  and  B,  are  supported  by  three 
movable  stays,  CDE.  The  lengths  of  A  and  B  are  4  in.  and  8  in.  respec- 
tively, and  their  position  being  registered,  they  may  be  removed  for 
duplicates  to  be  tested.  At  /  is  a  feeler,  i.e.,  a  movable  piece  of  Steel 
which  is  accurately  made  of  a  uniform  thickness  throughout.  This  feeler 
is  used  as  a  gauge,  by  being  suspended  between  the  bar  and  the  two 
headstock  centres  whenever  comparisons  are  being  made.  From  the 
foregoing  it  must  be  understood  that  the  feeler  is  always  delicately 
balanced  before  any  indications  are  noted — a  proof  that  the  sense  of 
touch  is  keener  than  the  sense  of  sight,  Running  in  each  headstock  is 
a  micrometer  screw  of  zo  threads  per  inch,  and  the  movable  headstock 
is  also  fitted  with  an  index  wheel,  having  350  divisions  by  any  movement 
of  which  the  "  poppet "  is  caused  to  advance  ^  K  5^  =  j^  of  an  inch. 
At  the  opposite  end  of  the  machine  is  a  similar  screw  of  zo  threads 
per  inch,  but  with  a  graduated  wheel  having  500  divisions,  and  above 
the  poppet  a  vernier  is  located,  thus  causing  a  reading  of  one  division 
on  the  vernier  to  represent  ^  X  j^  X  nr  =  ,  po'ooo- 

The  precision  of  this  machine  doing  its  duty  according  to  the 
foregoing  is  due  to  the  high-class  workmanship  in  all  the  movable  parts. 
Especially  the  accuracy  of  pitch  in  the  20-thread  screws,  and  the 
perfect  coincidence  between  these  and  the  nuts  fitting  them ;  that  is, 
there  must  be  no  backlash.  Then  in  the  finely  divided  wheels  these 
must  be  sf)aced  exactly  with  250  and  500  lines  respectively,  and,  lastly, 
the  true  fitting  of  the  sliding  poppets. 

A  smaller  type  of  machine  by  Geo.  Richards,  Manchester,  reading 
to  loJoo  inch  is  seen  in  Fig,  19. 

Lathe  Test  Indicator,  "  Setting  "  Work  true  on  Face  Plate.— 
The  amount  of  error  is  not  always  to  be  detected  by  a  fixed  point  held 
against  a  revolving  piece  of  work.  Supposing  the  work  has  been  bored 
previously,  and  has  to  be  re-set.  Such  pieces  for  boring  or  drilling  ate 
first  mounted  in  the  lathe ;  it  is  the  practice  to  "  set "  the  part  to  be 
bored  to  a  circle  previously  described,  and  "  dotted  "  with  a  fine-pointed 
punch.  In  setting  such  work  a  ttit  indicator  may  be  used  to  advantage 
{Fig.  ao).  This  little  instrument  multiplies  the  error  of  the  revolving 
work.  The  finger  is  carried  in  a  universal  joint  which  oscillates,  causing 
the  opposite  end  of  the  finger  to  move  in  an  eccentric  path  until  the 
work  is  "  set "  to  revolve  absolutely  true. 

Hicrometer  Calipers,— Micrometer  calipers  form  convenient  and 
accurate  tools  for  external  measurement.     They  are  graduated  to  read 
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English  measure  to  thousandths  and  ten -thousandths  of  an  inch.    They 
are  also  made  to  read  to  hundredths  of  a  millimetre.     The  measuring 


Fig.  19. — Richard's  measuring  macIiiDe. 

screw,  being  encased,  is  protected  from  dirt  and  injury.     The  wearing 
parts  are  hardened,  and  provided  with  means  of  compensation  for  wear. 


It  will  be  noticed  there  are  decimal  equivalents  stamped  on  the 

frame  for  the  immediate  expression  of  readings  in  eighths,  sixteenths, 

^  thirty- seconds,        and 

sixty -fourths     of     an 

,     inch. 

The      chief      me- 
.  chanical  principle 

embodied  in  the  con- 
struction is  that  of  a 
screw  free  to  move 
in  a  fixed  nut.  An 
opening  to  receive  the 
work  to  be  measured 
is  afforded  by  the 
backward  movement  of  the  screw,  and   the  size   of  the   opening  is 
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indicated  by  the  graduations.  The  pitch  of  the  screw  C  is  forty  to 
the  inch.  The  graduations  on  the  barrel  A,  in  a  line  parallel  to  the 
axis  of  the   screw,  are  forty  to  the    inch,  afid    figured  o,    i,   %,  etc., 


by  25,  and  add  the  number  of  divisions  on  the  scale  of  the  thimble, 
from  zero  to  the  line  coincident  with  the  line  of  graduation  on  the  hub. 
For  example:  As  the  caliper  is  set  in  Fig.  24,  there  are  three  whole 
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divisions  visible  on  the  barrel.     Multiplying  this  number  by  25,  and 
adding  5,  the  number  of  divisions  rt^stered  on  the  scale  of  the  thimble, 

the  result  is   eighty-thousandths  of  an    inch  (3  X  25  =  75  +  5  =  80). 
These  calculations  are  readily  made  mentally. 

Explanation  of  Oradnation  of  Hiciometer  Calipers  for  Reading 
to  Ten-thouaandthB  of  an  Inch. — The  readings  in  ten-thousandths  of 
an  inch  are  obtained  by  means  of  a  vernier  or  series  of  divisions  on 
the  barrel  of  ths  caliper.    These  divisions  are  ten  in 
le  same  space  as  nine  divisions  on 
)nvenience  in  reading  are  figured  o, 
,  o.     Accordingly,  when  a  line  on 
ifith  the  first  line  of  the  vernier,  the 
ght  differ  from  each  other  one-tenth 
ision  on  the  thimble ;  the  next  lines 
:,     When  the  caliper  is  opened,  the 
\  left ;  and  when  a  division  passes  a 
rel,  it  shows  the  caliper  has  been 
1  of  an  inch.     Hence,  when  the 
lat  a  line  on  the  thimble  coincides 
{end  of  the  first  division)  of  the 
s  moved  one-tenth  of  the  length  of 
id  the  caliper  opened  one-tenth  of 
one-thousandth,  or  one  ten-thou- 
sandth of  an  inch.     When  a  tine 
on  the  thimble  coincides  with  the 
third   line  (end    of   the  second 
division)  of  tiie  vernier,  the  caliper 
has  been  opened  two  ten-thou- 
sandths   of   an   inch,  etc.     See 
lower  cut  of  graduations,  where  a 
line  on  the  thimble  coincides  with 
the  fourth  line  (end  of  third  divi- 
sion of  the  vernier),  and  the  read- 
ing is  three  ten-thousandths  of  an 
inch. 

To  read  the  caliper,  note  the 
thousandths,  as  usual,  then  the 
number  of  divisions  on  the  vernier 

p,^  ,,     Ti,-  ,        ,■  commencing  at  o  imdl  a  line  is 

HG.  24.— Micrometer  cahper.  ,      ,      .S_     v.  ,       ,■  ^t 

'  reached  with  which  a  line  on  the 

thimble  is  coincident.     If  the  second  line  of  the  thimble  coincides 

(figured  i),  add  one  ten-thousandth ;  if  the  third  line  (figured  a),  two 

ten-thousandths,  etc. 

Micrometer  Calipers.  Micrometer  below  1  w.— The  micrometer 
(Fig.  21)  is  used  for  measuring  all  sizes  less  than  an  inch,  and  is  gradu- 
ated to  read  to  thousandths  of  an  inch  by  the  divisions  shown  on 
thimble,  and  tm-thotisandlhs  of  an  inch  by  a  vernier  on  the  front  of  the 
barrel.  The  milled  nut  clamps  the  spindle  after  setting,  and  keeps  it 
intact  (see  Fig.  24). 
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Micrometer  i  to  a  in. — Fig.  23  is  used  in  measuring  all  sizes 
above  one  inch  and  less  than  two  inches  by  thousandths  of  an  inch. 
Instead  of  the  milled  nut,  a  set-screw  is  provided  to  clamp  the  spindle 
in  position, 

Interchangeabk  and  Adjustable. — A  micrometer  caliper  for  much 
larger  work  is  given  in  Fig.  25,  Three  measuring  points  are  furnished  : 
the  long  point  measures 
from  3  to  4  in.,  the  inter- 
mediate point  from  4  to 
5  in.,  and  the  short  point 
from  5  to  6  in.  These 
rods  are  inserted  into  the 
frame,  and  secured  in  the 
bearing  by  means  of  a 
knurled  nut  at  the  outer 
end  of  the  frame.  There 
is  also  provision  for  adjust- 
ment as  wear  occurs  by 
means  of  the  two  lock 
nuts  shown  on  the  rods  in 
figure, 

Screw-tliread  Uioro- 
meter  Caliper. — This  in- 
strument is  designed  for 
the  accurate  measurement 
of  V-threads  on  screws, 
standard  screws,  taps,  and 
thread  gauges  by  measur- 
ii^  the  actual  threads. 
The  distinctive  feature  in 
the  construction  of  this 
caliper  is  that  the  end 
of  the  movable  spindle  is 
pointed,  and  the  fixed  end, 
or  "  anvil,"  is  V-shaped 
(see  Fig.  26). 

Method  of  IVorUng^. — 
Enough  is  taken  from  the 
end  of  the  point,  and  the 
bottom  of  the  V  is  carried 
down  low  enough  so  that 
they  wilt   not  rest  on  the 

bottom  or  top  of  the  thread  Fig.  25.— Interchangeable  micrometer, 

to    be    measured,    but    on 

the  cut  surface.  As  the  thread  itself  is  measured  it  will  be  seen 
that  the  actual  outside  diameter  of  the  piece  does  not  enter  into 
consideration.  Thus,  by  measuring  one-half  of  the  depth  of  the 
thread  from  the  top  on  each  side,  the  diameter  of  the  thread,  as 
indicated  by  the  caliper,  or  the  pitch   diameter,  is  the  full   size  of 
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the  thread  less  the  depth  of  one  thread.     This  depth  may  be  found 
as  follows : — 

Depth  of  Whitworth  standard  threads  =  odx  -s-  number  of  threads  to  i  inch. 
Depth  of  sharp  V-threads  (60°)  =  0-866  -H  „  „  „ 

Depth  of  U.S.  standard  thread  =  0-6495  ^         .1  »  » 

When  the  point  and  anvil  are  in  contact,  the  O  represents  a  line 
drawn  through  the  plane  AB,  and  if  the  caliper  is  opened  to  o'Soo  in., 
it  represents  the  distance  of  the  two  planes  0-500  in.  apart. 

Limit  of  Range. — While  the  movable  point  measures  all  pitches,  the 
fixed  "  anvil "  is  limited  in  its  capacity,  for  if  it  is  made  lai^e  enough 
to  measure  a  ^in.  pitch  thread,  it  would  be  too  wide  at  the  top  to 
measure  a  a4-pitch  thread,  or  vice  versd;  then  the  thread  would  not 
obtain  a  proper  bearing  on  the  anvil.  Thus  each  caliper  is  limited  in 
the  range  of  threads  that  the  anvil  can  measure. 


Fig.  z6. — Screw-thtead 

Sliding^  micrometer  Caliper. — Fig.  27  is  a  sliding  micrometer 
caliper,  and  measures  all  sizes  up  to  6  in.  long  and  4  in.  diameter  by 
thousandths  of  an  inch.  The  slide  can  be  set  accurately  by  means  of 
the  graduated  lines  on  the  bar,  while  fractions  of  an  inch  are  obtained 
by  means  of  the  micrometer  screw. 

Vernier  Calipers. — Two  views  of  a  vernier  caliper  are  given  in 
Figs.  28  and  29.  The  front  side  is  graduated  to  read  by  means  of  a 
vernier  to  thousandths  of  an  inch  for  accurate  work. 

The  back  side  is  convenient  for  a  large  class  of  work  where  extreme 
accuracy  is  not  required  ;  the  graduations  are  to  ^  in.  These  instruments 
are  useful  to  those  engaged  on  high-class  mechanisms ;  and  in  tool- 
making,  where  extreme  accuracy  in  working  is  essential,  they  are  in 
daily  use. 

The  Vernier  and  its  Use. — On  the  bar  of  the  instrument  is  a  line 
of  inches  numbered  o,   i,  2,  etc.,  each  inch   being  divided  into  ten 
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parts,   and  each  tenth  into  four  parts,  making  forty  divisions  to  the 
inch.     On  the  sliding  jaw  is  a  line  of  divisions  (called  a  vernier,  from 


Fig.  27. — Sliding  micrometer  caliper, 

the  inventor's  name)  of  twenty-five  parts,  numbered  o,  5,  to,  15,  20, 
25.  The  twenty-five  parts  on  the  vernier  correspond,  in  extreme 
length,  with  twenty-four  parts,  or  twenty-four  fortieths  of  the  bar ;  con- 
sequently each  division  on  the  vernier  is  smaller  than  each  division 


Figs.  28,  29. — Vernier  calipers. 

on  the  bar  by  o'ooi  part  of  an  inch.     If  the  sliding  jaw  of  the  caliper 
is  pushed  up  to  the  other,  so  that  the  line  marked  o  on  the  vernier 
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corresponds  with  that  marked  o  on  the  bar,  then  the  two  next  lines 

to   the  right  will  differ  from   each  other  by  o"ooi   of  an  inch,  and 

so  the  difference  will   continue    to  increase    by  o'ooi   of   an    inch 

for  each  division,  till  they 

again    correspond    at    the 

line    marked     25    on    the 

vernier.      To     read     the 

distance    the  caliper  may 

be    open;    commence    by 

noticing  how  many  inches, 

tenths,  and  parts  of  tenths 

the     zero     point     on    the 

vernier    has    been    moved 

from  the  zero  point  on  the 

bar.     Now  count  upon  the 

vernier    the     number     of 

divisions,  until  one  is  found  which  coincides  with  one  on  the  bar,  which 

will  be  the  number  of  thousandths  to  be  added  to  the  distance  read 


Fig,  30.— Universal  bevel  prolraclor. 


oft'  on  the  bar.  The  best  way  of  expressing  the  value  of  the  divisions 
on  the  bar  is  to  call  the  tenths  one-hundred  thousandths  (o'loo),  and 
.the   fourths   of  tenths,    or    fortieths,   twenty-five   thousandths    (o-oas) 
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Referring  to  Fig.  29,  it  will  be  seen  that  the  jaw  is  open  two-tenths 
and  three-quarters,  which  is  equal  to  two  hundred  and  seventy-five 
thousandths  (o-275).  Now  suppose  the  vernier  was  moved  to  the  right 
so  that  the  tenth  division  should  coincide  with  the  next  one  on  the 
scale,  which  will  make  ten-thousandths  (o'oio)  more  to  be  added  to 


DETAILS 


Qfc^ 


two  hundred  and  seventy-five 
thousandths  (0-275),  making  '^^e 
jaws  to  be  open  two  hundred 
and  eighty-five  thousandths 
(o-rfs). 

In  making  inside  measure- 
ments with  the  6-in.  vernier 
and  the  pocket  vernier  calipers, 
two  and  one-half  tenths  or  two 
hundred  and  fifty  thousandths 
(o'25o)  of  an  inch,  and  with  the  12-in.  and  24-in.  verniers,  three-tenths 
or  three-hundred  thousandths  (o'joo)  of  an  inch  should  be  added  to 
the  apparent  reading  on  the  vernier  side  for  the  space  occupied  by 
the  caliper  points.  When  the  other  side  of  the  instrument  is  used,  no 
deduction  is  necessary,  as  there  are  two  lines,  one  indicating  inside  and 
the  other  outside  measurements. 

nnivetsal  Bevel  Protractor. — Protractors  are  instruments  by  which 
angles  are  set  out  in  degrees.   Fig,  30  is  the  Brown  and  Sharpe  Universal 


Fig.  31 a 
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Bevel  Protractor,  and  is  adapted  for  those  classes  of  work  in  which 
angles  are  to  be  laid  out  or  established. 

The  circular  dial  is  graduated  in  degrees  round  the  entire  circle, 


Fig.  31. — Thickness  gauge. 

and  is  recessed  below  the  face  to  protect  it  as  the  bevel  is  used.     This 
combination  of  "  bevel "  and  protractor  render  it  indispensable  for  setting 


Fio.  33. —Spirit  level  for  testing  shafting. 

out  and  gauging  work  in  the   tool-room.     The  blade  can  be  moved 
either  way  its  full  length,  and  clamped  independently  of  the  dial.     The 


Fig.  34  — Electnuans  non  magnetic  spirit  level. 

many  uses   to  which  the  instrument  can   be  put  cannot  all  be  ciled 
here,  but  further  comment  is  unnecessary  after  looking  at  some  of  its 
applications  in  Fig.  3?      A  fitter's  bevel  square  is  shown  in  Fig.  31A. 
TbicknesB  Gauge,  or  "Peeler." — Ihickness  gauges  (Fig.  3a)  are 
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used  either  singly  or  in  combination,  to  ascertain  the  width  of  gap 
between  two  surfaces,  also  to  test   the  thickness  of  sheet  material. 


Fig.  35.— Pocket  level. 


The  leaves  vary  in  thickness 
by  — oVb  •"■'  iTjnning  from 
o'oo4  to  0-025. 

Spirit-levels.— Spirit- 
levels  are  used  to  test  the 
alignment  of  shafts,  tables, 
beds,  and  other  fitting  parts 
of  machinery.  The  under 
surface  of  a  level  is  scraped 
to  a  true  plane,  so  that  it 
irill  lie  even.     Fig.  33  shows 


9 


Fig.  36. — Depth  gauge. 


one  of  these  instruments  made   with  a  concave  groove   running  the 
length  of  its  base,  which  renders  it  useful  when  testing  the  evenness  of 
shafts.     In  addition  to  the  longitudinal  glass, 
the   base  is  fitted   with  a  cross-level   which 
removes  the  necessity  of  changing  the  position 


Fig.  38.— Deplh  gauge. 

of  the  instrument  so  frequently.  Fig.  34  is  a  non-magnetic  level,  being 
designed  for  use  in  electrical  work.  Fig.  35  shows  a  pocket  level  made 
of  steel  and  plated;  the  length  is  i\  in. 
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Depth  Ganges. — Depth  gauges  are  used  to  measure  the  depths  of 
grooves  in  milled  and  planed  work,  also  in  lathe  faceplate  work,  when 
one  surface  has  to  be  turned  to  a  definite  distance  from  another  surface. 
The  gauge  can  be  set  to  the  depth  required,  and  secured  by  the  set- 
screw.  Fig.  36  shows  a  gauge  in  which  the  wire  is  held  by  a  friction 
spring  inside  the  nut.  Fig.  37  is  a  similar  gauge,  except  that  a  marked 
scale  is  substituted  for  the  wire  rod. 

The  gauge  shown  in  Fig.  38  admits  of  a  more  accurate  setting ; 
it  has  a  micrometer  screw  reading  to  r^o  ''^-  Standard  collars 
are  passed  on  the  spindle  when  the  depth  of  the  recess  to  be  measured 
is  considerable.  A  lock  nut  at  the  top  of  the  spindle  prevents  any 
changing  after  the  gauge  has  been  set. 
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CHAPTER   II. 

"MARKING"    OR  "LINING-OUT" 
TABLE  AND    TOOLS. 

When  castings  and  forgings  are  delivered  into  the  machine  shop,  they 
are  first  placed  on  a  marking-off  tahle,  and  "  set  out "  for  machining. 
It  is  the  practice  for  templates  to  be  made  to  dimensions  on  drawing 
for  each  type  of  engine  or  machine,  a  practice  which  greatly  facilitates 
the  marking,  and  whereby  the  templates  serve  as  guides,  and  some- 
times as  gauges,  for  the  machine  operatives.  The  above  system  can 
be  generally  applied  to  duplicate  work.  When,  however,  it  is  not 
practised,  drawings  fully  dimensioned  are  suppHed. 

Whichever  system  is  adopted,  a  careful  and  reliable  workman  is 
sought  for  the  post  of  marking  off.  He  is  obviously  required  to 
thoroughly  understand  all  kinds  of  drawing  details,  and  be  able  to 
trace  them  out,  frequently  from  complicated  elevations,  end  views,  or 
plans,  and  is  responsible  for  each  part  being  correctly  tooled  and  fitted 
to  the  lines  scribed. 

"Marking  tables"  vary  in  dimensions  from  4  ft.  to  12  ft.  long. 
The  upper  surface  is  truly  planed,  as  are  also  the  edges  which  are  truly 
at  right  angles  to  the  face  and  to  each  other.  The  under  side  of  the 
table  is  strengthened  with  ribs,  similar  to  a  surface  plate,  to  keep  it 
trae  under  varying  conditions.  The  table  should  be  set  by  the  aid  of 
a  spirit-level  to  lie  even  in  all  directions,  and  supported  in  such  a 
manner  as  to  remain  firm  under  any  load.  Such  a  table  is  shown  in 
Pig-  39j  provided  ivith  a  complete  set  of  tools,  as  follows  :  Nos.  i  and  z, 
large  and  small  squares;  Nos.  3,  4,  and  Si  scribing  blocks;  No.  6, 
parallel  blocks;  Nos.  7,  and  8,  vee  blocks;  No,  9,  compasses;  No.  12, 
large  straight-edge. 

Tools  not  numbered. — Accurate  steel  rule,  marked  in  terms  of  British 
and  decimal  measures.  A  plumb-bob  and  spirit-level,  pair  of  inside 
and  outside  calipers,  also  odd-leg  calipers,  trammels  and  scriber,  centre 
and  prick  punch. 

Example. — The  engine  connecting-rod,  No,  10,  is  mounted  on 
parallel  and  vee  blocks  after  machining,  while  the  centre  and  other 
dotted  lines  are  tested  with  the  scribing  block  (a  temporary  pin  being 
inserted  in  the  fork  end).  The  example.  No.  11,  represents  a  rough, 
foiled  fork  end,  marked  off  for  machining ;  the  centre  line  shown  would 
be  marked  similariy  on  the  opposite   side  of  fork.     The  inner  circle 
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shows  the  diameter  of  the  hole.  The  outer  circle  shows  the  amount 
to  be  removed  by  shaping,  slotting,  or  profiling  machine,  as  the  case 
may  require. 

Small  and  important  mechanisms  are  frequently  assembled  on  a 
surface  plate,  which  has  been  scraped  up  perfectly  true.    This  is  found 


Fig.  39. — Example  of  work  and  tools — maiking-out  table. 

advantageous,  especially  where  the  marking  has  to  he  done  at  different 
stages — that  is  to  say,  after  a  piece  of  work  has  been  lined  out  and 
"  tooled,"  it  is  sometimes  necessary  to  fit  it  to  some  other  part  or  parts 
before  the  final  marking  and  tooling  can  be  done.  When  important 
lines  have  to  be  made  at  a  definite  distance  apart  on  some  forging  or 
casting  of  irregular  form,  an  angle 
plate  is  used,  to  which  the  work  is 
secured.  Castings  which  are  pro- 
vided with  cores  are  bridged  over 
with  thin  metal,  or  plugged  up  at 
their  extremities  with  wood;  even 
in  the  latter  case  it  is  frequently 
necessary  to  insert  a  tin  strip,  so 
that  the  centre  when  struck  out  will 
be  contained  by  the  strip, 
two  tooling  operations,  bat  where 
considerable  period,  wood 


Fig.  40. — Bracket  lo  be  bored. 


Wood  is  good  enough  for  one 
he  centres  have  to  be  retained,  often  for 
s  unsuitable. 
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Example  i.— Suppose  the  bracket  in  Fig.  40  has  been  faced  on  the 
foot,  and  the  hole  shown  cored  has  to  be  bored  accurately  to  the  dotted 
circle.  There  would  be  no  reason  why  a  wooden  plug  should  not  be 
inserted,  just  to  remain  until  the  dotted  circle  has  been  described. 

Example  2. — Let  us  take  an  engine  cylinder  where  the  valve  spindle 
bearings  are  required  to  be  at  a  given  distance  apart,  and  at  a  given 
distance  from  the  centre  of  cylinder  bore. 

Here  we  have  quite  a  different  case.  Some  of  these  centres  will  be 
in  use  for  a  considerable  time,  therefore  wooden  plugs  will  be  unsuitable. 
Again,  when  erecting  engines,  etc.,  with  holes  bridged  with  thin  steel  or 
brass  strips,  very  fine  lines  and  dots  may  be  made,  which  will  serve 
until  the  "setting"  is  finished. 

Marking  templates  are  growing  in  numbers  daily,  as  the  inter- 
changeable system,  now  extensively  adopted,  becomes  universal.    When 


41. — Templet  for  "marking  oat"  holes  in  shaping  machine  bed. 


a  "  shaper"  body  is  being  marked,  a  further  example  is  seen  in  locating 
all  the  bearings  at  once  from  one  templet  {see  Fig.  41).  After  the 
upper  surface  and  vees  of  the  machine  body  have  been  planed,  a 
counterpart  of  that  surface  and  vees  is  fitted  thereon  at  one  end.  TTiis 
counterpart  or  templet  has  an  apron  with  a  series  of  holes  made  in  it, 
each  hole  being  bushed  to  receive  a  fitting  cylindrical  gauge-marker. 

The  marker  consists  of  a  finely  pointed  scriber,  inserted  in  the  end 
of  the  cylindrical  rod  in  such  a  position  that  by  rotating  the  marker  a 
finely  traced  circle  is  made  on  the  boss  of  the  machine  to  be  bored. 

By  this  arrangement  the  exact  centres  for  each  longitudinal  bearing 
is  obtained  precisely,  and  the  gear-wheels  will  subsequently  be  correctly 
meshed  when  placed  upon  their  respective  shafts. 

Besides  this,  the  marking  is  done  without  any  measurements  what- 
soever being  necessary,  and  also  in  considerably  less  time  than  is  the 
case  where  drawings  are  used. 
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It  may  here  be  pointed  out  that  holes  to  be  bored  in  huge  castings 
are  generally  previously  "  cored  out."  There  are  some  points  of 
advantage  in  this,  viz.— 

1.  A  "boring-bar"  can  be  passed  through  the  cored  holes. 

i.  There  being  less  metal  to  remove,  the  time  in  boring  is  reduced. 

3,  The  metal  is  generally  more  dense,  or  close  grained. 

On  the  other  hand,  it  is  most  desirable  that  the  "core"  is  in  its 
right  place  when  the  casting  is  finished.  If  it  occurs  that  a  core  is  out 
of  position,  the  consequence  may  he  serious.  Any  error  in  this  direction 
is  doubled  when  it  comes  to  measurement  from  the  boring  bar. 

Setting  ont  Machine  Bed.^ExAMPLE,— Let  us  suppose  a  casting 
for  a  machine  bed  or  body  is  made  having  a  long  bearing,  the  outer 
diameter  of  which  is  4  in,,  but  whose  hole  or  core  is  z\  in.  diameter, 
and  has  dropped  out  of  position  \  in. 

Now,  if  the  core  were  central  with  the  outer  diameter,  and  the 
casting  had  to  be  bored  zj  in.,  when  finished  there  would  then  be  f  in. 
thickness  of  metal  each  side  of  the  bored  hole.  But  the  core  in  this 
case  is  eccentric  with  the  boss,  or,  to  put  it  another  way,  it  is  ;  irL 
out  of  alignment  with  some  other  hole  or  surface.  If  it  needs  "  tooling," 
the  boss  will  be  5  iiL  thick  only  on  one  side,  while  on  the  opposite  side 
it  will  be  1  in.  thick.  But  the  cutting  has  been  ail  one-sided,  and 
although  the  finished  size  of  7\  in.  is  reached,  all  the  black  or  scale  has 
not  been  remo\^. 

It  therefore  follows  that,  since  it  is  absolutely  necessary  to  have  a 
truly  bored  and  smoothly  finished  hole,  more  metal  will  have  to  be 
removed,  leaving  the  hole  \  in,  too  laige,  and  reducing  the  thin  side  of 
bearing  to  ^  in. 

This  clearly  shows  us  that  a  bent  or  eccentrically  made  core  in  any 
casting  which  has  to  be  machined  may  be  sufficient  to  condemn  the 
work  altogether.  It  would  be  well  for  the  student  to  note  the  following 
important  points  respecting  cores  in  iron  or  other  castings  : — 

I.  The  amount  to  be  removed  by  toohng  any  cored  casting  should 
always  be  sufficient  to  "  clean  up  "  without  using  a  reamer,  i.e.,  it  should 
be  smooth  and  true. 

a.  Before  "  lining  out,"  long  holes  should  be  thoroughly  examined 
and  tested  for  ahgnment. 

3.  Castings  Jn  halves  should  he  well  jointed,  and,  where  practicable, 
small  articles  may  be  sweated  together,  or  otherwise  made  secure  with 
screws  or  cotters,  which  pass  into  lugs,  or  ears. 

This  refers  to  bearings,  pulleys,  and  similar  split  work,  which  may  he 
disturbed  at  the  joints  if  left  insecure  at  any  point, 

4.  After  correctly  "  setting,"  cored  work  is  best  faced  before  boring, 
as  measurements  across  uneven  surfaces  are  unreliable,  and  especially  so 
to  a  beginner. 

Cored  Work. — There  is  no  economy  in  "coring"  some  kinds  of 
work  below,  say,  5  in.  diameter ;  the  time  spent  in  machining  is  worth 
more  than  the  weight  of  metal  removed  from  a  solid  casting. 
Especially  is  this  the  case  in  long  holes  of  small  diameter — say,  for 
instance,  a  j-in.  core  to  he  bored  to  i  in.  diameter  2  ft,  throi^h  an  iron 


Dcinz.aoy  Google 


"  MARKING"  OR  " LINING-OUT "  TABLE  AND  TOOLS.      31 

casting.  Here  we  have  an  instance  showing  the  difficulty  and  loss  of 
time  in  attempting  to  restore  truth  to  a  caslii^  with  a  bent  or  eccen- 
trically made  core.  The  first  drill  passed  through  must  go  at  an 
exceedingly  slow  pace,  as  must  also  the  second;  then  a  boring-tool 
must  be  inserted,  taking  a  number  of  very  fine  cuts,  otherwise  the 
bend  will  overcome  the  cutting  action  of  the  tools,  and  cause  them  to 
dip  and  yield  at  every  revolution  of  the  work.  Whereas  in  sound,  solid 
castings  a  ^in.  drill  could  be  first  passed  through  the  work;  then  a 
second  drill  would  be  inserted,  leaving  just  a  scraping  cut  for  the 
reamer;  each  tool  being  propelled  as  &st  as  practicable,  without 
softening  the  cutting  edges. 

Shafts  and  axles  are  generally  centred  by  using  a  pair  of  "odd-leg" 
calipers,  as  shown  in  Fig.  1  r.  Chapter  I.  The  position  is  changed  four 
times,  and  the  mean  of  the  crossed  lines  is  taken.  Large  shafts,  3  in. 
diameter,  can  be  centred  equally  well  by  using  an  ordinary  pair  of 
"outside"  or  inside  calipers.  When  the  end  of  a  shaft  is  cut  off 
obliquely  the  position  of  the  centre  is  more  difficult  to  find,  but  judgment 
and  care  will  overcome  this. 

Short  shafts,  axles  and  rods  are  more  correctly  centred  on  a  table 
whilst  they  are  rotated  in  vee  blocks.  The  blocks  should  be  placed  as 
near  the  ends  of  the  work  as  is  practicable  (since  it  may  be  bent  or 
insular  throughout  its  length)  and  a  scribing  block  used  at  each  end 
of  the  work,  the  finger  of  which  is  first  adjusted  approximately  to  the 
shaft  centre.  The  pieces  are  afterwards  square-centred,  and  drilled 
ready  for  turning. 

Cranks  or  crank  shafts  are  set  out  on  the  throws  a^er  the  parallel 
part  has  been  straightened  and  roughly  turned,  or,  in  the  case  of  small 
cranks,  after  the  parallel  portions  have  been  finished. 

"  Setting  oat "  Ecceutrio  Shafts. — Eccentric  shafts  may  be  forged, 
or  turned,  out  of  solid  (Example  4a). 

Let  us  take  a  forging  for  a  punching  machine  driving  shaft.  The 
parallel  portions  will  be  turned  and  finished,  and  the  shaft  let  into  place. 

It  is  next  placed  on  vee  blocks,  and  a  horizontal  line  scribed  through 
the  centre,  passing  through  the  foiged  throw ;  then,  without  disturbing 
the  work,  the  scribing  block  is  carried  to  the  opposite  end  of  shaft,  and 
a  line  is  scribed  here  also.  Let  the  distance  be  |  in.  between  the  centres 
of  the  main  part  of  shaft  and  that  of  the  eccentric.  With  this  as  radius, 
set  a  pair  of  compasses,  and  describe  a  circle  around  the  original  centre 
of  shaft. 

Where  the  circle  and  line  meet,  a  fine  centre  dot  should  be  made, 
before  the  shaft  is  removed  from  its  horizontal  position.  To  obtain  this 
new  centre  a  facing  cut  or  two  would  first  be  taken  from  the  ends  of  the 
shaft  previously  to  marking.  This  is  done  to  more  correctly  gauge  the 
exact  distance  the  new  centre  wilt  be  from  the  old  one.  In  enlarging 
the  small  dot,  a  couple  of  centre  punches  would  be  required  of  different 
strengths. 

As  the  hole  is  made  larger,  the  compasses  are  used  frequently  to  test 
the  result,  and  when  it  is  large  enough,  a  small  hole  is  drilled  down  each 
new  centre,  and  the  work  is  ready  for  the  lathe.     Square  centering  musi 
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not  be  thought  of  in  this  class  of  work,  because  we  have  no  control  of  the 
shaft  :  when  set  revolving  it  would  gravitate,  the  heavy  side  sagging  or 
pulling  the  shaft  downwards;  thus  the  centre  would  at  once  be  lost,  and 
the  work  spoilt.  Very  large  shafts  are  drilled  with  a  hand  or  breast 
drill  after  centre-punching ;  but  great  care  is  exercised,  or  the  drill  may 
take  a  different  course  from  the  one  desired. 

Another  example,  much  the  same  as  the  last  one,  may  be  given — a 
punching  and  shearing  machine  shaft.  This  time  there  are  two  eccentric 
portions  to  be  arranged  for.  Here  we  will  suppose  the  shaft  to  be  8  in, 
diameter  on  the  main  part,  and  6  in.  diameter  on  the  eccentrics.  The 
shaft  would  be  turned  and  finished  as  before,  and  the  ends  faced.  It 
would  then  be  fixed  on  parallel  or  vee  blocks,  a  line  scribed,  passing 
through  the  centre  at  each  end  of  the  shaft,  and  a  circle  described  at  a 


Figs.  41,  43, 


and  3  throws. 


distance  shown.  Since  in  a  punching  and  shearing  machine  one  tool  is 
operating  while  the  other  is  free,  it  is  customary  to  place  the  eccentrics 
exactly  opposite  each  other,  as  shown  in  Fig.  43.  Thus  a  centre  dot 
would  be  made  at  two  opposite  sides  of  the  circle  at  the  points  of 
intersection. 

These  large  diameter  shafts  with  a  comparatively  small  "  throw  "  are 
good  examples  to  illustrate  "marking  out"  and  "machining"  huge 
pieces  of  steel  on  their  own  centres,  i.e.,  without  "  crank  blocks." 

A  further  example  of  this  class  is  shown  in  Fig.  44,  which  represents 
a  main-driving  steel  shaft  for  a  punching,  shearing,  and  scrap-shearing 
machine.  In  this  case  there  are  three  distinct  tools,  none  of  which  are 
operating  at  the  same  instant,  but  all  of  which  are  actuated  by  the  same 
shaft.  Assuming  the  shaft  body  has  been  let  into  its  bearings,  it  is  then 
rested  on  a  horizontal  plane  and  a  line  drawn  across  each  centre  with 
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the  scribiiig-block  as  before,  a  circle  having  been  struck,  the  radius  of 
which  is  equal  to  the  "  throws."  Then  with  a  centre  dot  on  one  end  of 
the  line  bounded  by  the  circle  previously  struck,  an  arc  is  described 
equal  to  120  degrees,  and  from  this  point  another  arc  similar  is  made, 
and  again,  back  to  the  original  point.  In  other  words,  from  a  given 
point  the  circle  is  divided  into  three  equal  parts. 

Having  dotted  each  point  of  intersection,  the  same  treatment  is 
given  to  the  other  end  of  the  shaft  (care  being  taken  that  the  points  of 
starting  are  the  same,  and  that  the  shaft  is  not  disturbed  in  its  position 
until  both  ends  are  marked  out  alike).  The  compasses  are  kept  in 
frequent  use  until  the  three  centres  at  each  end  of  the  shaft  have  been 
properly  made.  After  this  the  holes  are  drilled  with  a  breast  drill,  and 
the  shaft  is  ready  for  the  eccentric  portions  to  be  turned.  The  central 
throw,  i.e.,  the  one  to  operate 
the  scrap  shears,  is  cut  out 
and  finished  first,  otherwise 
the  centres  for  that  throw 
would  be  cut  away,  were  we 
to  commence  one  of  the  end 
throws  first. 

Brackets  are  marked  dif- 
ferently according  to  their 
importance  (Fig.  45). 

1.  The    holes    may    be 
bored   true   to   their  bosses 
and  parallel  with  their  feet  Fig- 45' 
After    this    a    number    are 

placed  on  a  shaft  together,  and  their  feet  marked  and  machined,  or 
where  a  small  facing  strip  only  is  provided,  the  feet  are  simply  chipped 
and  filed. 

2.  The  bracket  is  placed  on  its  foot  and  the  correct  height  to  centre 
of  boss  is  marked  with  scribing  block.  A  line  is  drawn  across  the  foot, 
say  a  bare  -I-  in.,  which  is  next  removed  by  milling,  shaping  or  slotting 
machine.  A  correct  bracket  is  mounted  in  a  lathe  by  passing  a  shaft 
through  its  bore,  and  afterwards  securing  the  foot  to  an  angle  plate, 
previously  fastened  temporarily  to  the  lathe  face-plate.  Then,  by 
placing  a  stop  on  the  angle  plate  abutting  against  the  foot,  this  template 
or  standard  bracket  may  be  removed,  and  the  new  brackets  to  be 
bored  are  quickly  mounted,  set,  and  bored ;  following  each  other  in 
this  way  the  holes  will  all  be  alike  and  at  the  same  distance  from 
the  base. 

3.  Another  method,  but  one  attended  with  less  acciu'ate  results,  is  to 
"  machine  up  "  the  foot  first,  and  afterwards,  with  a  sheet-iron  template 
placed  over  the  boss  and  foot,  the  position  of  the  hole  is  located  and 
traced  through  with  a  scriber. 

4.  The  best  and  quickest  results  are  obtained  by  the  use  of  a  jig, 
no  marking  or  setting  whatever  being  necessary. 

Setting  and  Haohining  Irregular  Work. — Irregularly  shaped  iron 
castings,  which  should  be  symmetrical,  are  mostly  moulded  and  cast 
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from  defective  patterns.  Although  a  pattern  may  appear  to  be  satis- 
factory, yet  the  castings  produced  from  it  nnay  be  far  from  being  so. 
Iron  patterns  give  better  results  than  do  those  made  of  wood,  and  in 
consequence  of  this,  where  a  considerable  number  of  small  castings  are 
required  to  be  exactly  alike,  it  is  the  practice  to  have  half  the  pattern 
secured  to  an  iron  plate.  Thus,  in  castings  for  sewing-machines  and 
similar  small  mechanisms,  what  is  known  as  "Plate  Moulding"  is 
adopted  in  the  foundry. 

The  castings  produced  are  so  near  a  facsimile  of  the  pattern  as  to  be 
highly  satisfactory,  although  the  original  cost  of  the  pattern  is  considerable. 
This  is  obvious  from  the  fact  that  the  coincidence  between  the  two  halves 
of  the  mould  must  be  accurate,  thereby  causing  much  care  and  judgment 
in  the  fitting  and  finishing  stages.  Where,  however,  it  is  not  the  practice 
to  make  moulds  other  than  {iom  wood  patterns,  or  partly  iron  and  partly 
wood,  it  frequently  becomes  a  case  for  the  turner  to  exercise  his  skill 
in  setting  and  machining  such  work. 

An  example  of  this  is  given  in  Fig.  46,  which  represents  a  casting  of 
a  shrouded  pinion  with  a  long  sleeve  requiring  to  be  turned  and  bored. 


B 


Shrouded  Pinion  &  Sleeve. 

Fig.  46. 

This  is  a  typical  example  to  illustrate  the  importance  of  true  patterns 
and  care  in  moulding.  The  casting,  we  will  assume,  is  for  gearing  a 
in  a  Lathe,  Drill  or  Milling  Machine  headstock.     The  tooth-wheel  i 


of  iron  (machine  cut),  therefore  turned  and  bored  truly,  and  the  stem 
and  flanges  are  of  wood.  A  core  box  is  also  required  similar  to 
Fig.  46A,  and  made  to  the  dimensions  shown. 

Now,  the  cardinal  point  is  the  correct  fitting  of  the  stem,  or  stalk, 
in  the  iron  pinion.     Here  it  may,  I  tliink,  be  easily  understood  that  any 


Dcinz.aoy  Google 


"MARKING"  OR"  LININC'OUT'  TABLE  AND  TOOLS.      35 

appreciable  slackness  or  eccentricity  will  be  reproduced  in  the  casting 
at  A,  and  proportionately  increased  at  the  end  B, 

The  error  takes  two  forms,  axial  and  diametrical,  sometimes  one,  or 
the  other,  or  both.  In  the  former  case  the  error  is  hardly  appreciable 
near  to  the  pinion,  but  increases  more  and  more  right  on  to  the  end  of 
the  stalk.  In  the  latter  case  the  pinion  may  revolve  truly  whilst  the 
barrel  takes  a  decidedly  eccentric  path.  An  error  of  j  in.  out  of  line 
is  not  delected  until  the  pinion  is  truly  chucked,  and  then  it  may  be 
sufficiently  large  to  condemn  the  work,  each  detailed  part  being  made 
to  a  gauge.  For  the  reason  already  referred  to,  eccentrically  cored 
holes  are  troublesome  and  costly  where  standards  and  templates  are 
worked  to  as  a  system. 

To  make  a  casting  of  this  description  come  into  use  would  only  be 
attended  with  troubles  of  the  following  kind  : — 

J.  Increased  diameter  of  shaft  as  a  forging. 

2.  Increased  diameter  of  steel  mandrel. 

3.  Excess  in  labour,  i.e.  owing  to  light  cuts. 

4.  Decrease  of  outer  diameter  of  barrel. 

5.  (Most  im^^ant  of  s\\)  Deviation  from '^  syslern  of  standards  for 
all  work." 

Apart  from  the  above  reasons,  it  will  be  seen  that  the  chamber  has 
not  to  be  tooled,  but  it  is  nevertheless  eccentric,  and  must  ever  remain 
so,  if  the  other  parts  are  to  be  "  brought  in." 

A  pinion  with  a  long  barrel  or  sleeve  is  chucked  the  same  as  a 
pinion  without  a  sleeve;  this  being  so,  there  is  no  compensating  or 
allowance,  however  long  a  sleeve  may  be.  If  the  pinion  is  set  dia- 
metrically true  at  every  point,  the  flanges  will  also  be  set  even,  without 
attention.  Where  there  has  been  any  "cobbling"  in  the  mould,  the 
teeth  may  appear  lumpy  in  places  on  their  periphery  and  sides.  In 
such  cases  it  is  advisable  to  note  the  internal  faces  of  each  flange, 
and  to  gauge  the  depth  of  the  teeth  by  their  roots.  To  do  this  a  finely 
pointed  scriber  must  be  placed  in  the  tool-box,  and  by  using  the  trans- 
verse slide  the  depth  can  be  accurately  ascertained  for  one  tooth  ;  then, 
by  rotating  the  saddle  screw  and  withdrawing  the  scriber,  the  lathe  may 
be  now  revolved  for  a  portion,  and  the  scriber  again  inserted ;  this  pro- 
cess, repeated  five  or  six  times  in  the  revolution,  will  easily  indicate 
when  the  roots  of  the  pinions  are  true — all  this  "  setting  "  being  done 
without  looking  at  the  barrel  until  finally  set. 

Angle-plate  Work. — Angle  plates  are  much  used  in  lathe  work  and 
in  drilling,  planing,  milling,  and  other  machine  tools. 

The  plates  vary  in  size  from  two  or  three  inches  to  several  feet  long, 
and  also  in  shape,  but  all  are  of  right-angle  section.  They  are  subject 
to  more  or  less  rough  usage,  since  they  are  general  appliances.  For  this 
reason  they  should  be  stoutly  made,  with  ribs  placed  between  the 
angles  at  suitable  intervals.  The  holes  through  which  tbe  bolts  are 
inserted  should  not  be  over-crowded,  it  being  preferable  to  drill  a  hole 
through  the  plate  according  to  special  requirement  than  to  have  a  plate 
rendered  weak  by  numerous  holes,  many  of  which  may  possibly  be 
useless. 
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For  repetitionary  work  the  practice  is  to  keep  angle  plates  made  for 
the  purpose.  After  considerable  use  angle  plates  yield  to  the  pressure 
of  the  bolts,  and  consequently  need  to  be  systematically  overhauled  and 
"trued  up."  A  reliable  workman  invariably  tests  the  angle  plate  for 
accuracy  by  means  of  an  L-square  before  securing  his  work  upon  it, 
and  sets  it  "  off"  accordingly.  The  importance  of  having  a  true  square 
is  obvious,  also  the  necessity  of  setting  the  work  truly  on  the  plate  surface, 
although  the  work  is  previously  marked  out,  and  centre  dotted  for 
guidance. 

An  example  of  this  is  given  in  F^,  47,  which  is  to  represent  a  gun- 
metal  casting  for  a  square  thread  nut  to  tit  a  screw,  lined  and  dotted  for 
boring  and  screw-cutting.    The  setting  in  this  case  admits  of  nothing 


Fig.  47. 


angle  pUles. 


but  perfect  working  to  the  hnes  shown  on  the  top  and  the  dotted  circle 
at  the  end.  Since  the  small  stem  has  been  turned  and  fitted  in  a 
hole  to  receive  it,  any  error  in  setting  will  prevent  the  stem  fitting, 
and  thus  spoil  the  work.  The  casting  has  been  turned  and  made  to 
fit  the  slide  in  which  it  will  finally  be  located  (a  frequent  practice  in 
machine-tool  construction  where  the  space  for  the  nut  is  very  limited, 
and  where  cast-iron  lugs  are  sometimes  substituted,  though  never  so 
durable). 

To  "  mark  out,"  the  nut  is  driven  or  screwed  into  its  place  in  the 
slide,  and  a  circle  is  traced  on  one  of  its  faces.  The  slide  is  next  made 
to  stand  at  a  right  angle,  and  a  line  is  scribed  running  the  whole  length 
of  the  nut  horizontally,  as  shown.  In  fixing  the  nut  on  the  angle  plate, 
alignment  is  obtained  by  the  use  of  the  square  and  a  pair  of  vee  blocks 
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(which  act  as  a  pair  of  parallel  strips  for  work  having  a  flat  under 
surface). 

After  the  nut  has  been  truly  set  to  the  dotted  line  by  the  use  of 
a  "  centre  indicator  "  secured  in  the  tool-rest,  it  is  next  clamped  firmly 
to  the  angle  plate  by  a  clip  bridging  across  the  vee  blocks,  care  being 
taken  not  to  disturb  the  work  while  securing  It.  Another  and  a  good 
method  by  which  the  central  position  can  be  located  approximately,  is 
to  wind  out  the  loose  head  poppet  until  the  centre  almost  touches  the 
nut  to  be  bored.  Then  by  slowly  rotating  the  lathe  face  plate,  it  will  at 
once  be  seen  how  far  the  "  nut  is  out  of  truth." 

However  much  or  little  this  may  be,  the  nut  is  not  disturbed,  but 
the  ai^le  plate  is  gently  "tapped"  with  a  lead  mallet,  the  bolts  being 
eased  a  litde  for  the  purpose.  Above  the  nut,  at  a  suitable  distance, 
a  weight  is  placed  on  tbe  face  plate  to  act  as  a  balance  to  the  angle 
plate,  the  correct  poatlon  for  which  is  obtained  by  first  removing  the 
back  gearirg  of  the  lathe,  and  then  pulling  the  plate  quickly  round  by 
hand,  the  heaviest  part  finally  coming  to  rest  at  the  bottom,  until 
a  perfect  balance  is  obtained,  which  is  done  by  altering  either  the  size 
or  the  position  of  the  balance  weight. 

Angle  plates  are  also  used  to  support  plummer  blocks,  etc.,  whilst 
they  ate  bored.  In  such  work,  when  the  blocks  are  cast  from  good 
patterns,  a  stop  may  be  secured  to  the  angle  plate  to  just  touch  the  end 
or  comer  of  the  block  when  truly  set,  and  the  stop  acts  as  a  guide 
for  correctly  indicating  the  position  in  which  other  blocks  are  to 
be  placed. 

The  angle  plate  is  thereby  converted  into  a  jig,  and  the  setting 
is  reduced  to  a  minimum  (supposing  the  base  of  the  blocks  to  have 
been  tooled  previously).  It  is,  perhaps,  at  the  drilling  machine  where 
an  angle  plate  is  most  in  request,  to  hold  "planed"  or  "milled"  work 
whilst  it  is  drilled  or  bored ;  the  practice  being  to  secure  the  angle 
plate  to  the  machine  table  with  the  vertical  face  overhanging  when  it  is 
required  to  secure  castings  or  forgings  having  projections,  the  perpen- 
dicular alignment  of  the  plate  being  ascertained  by  placing  a  true  square 
on  the  vertical  face  of  the  plate,  and  then  putting  a  spirit-level  on  the 
top  of  the  square. 

Another  way  is  to  use  an  ordinary  plumb-bob  let  into  a  thin  steel 
plate.  The  latter  can  be  used  where  it  is  not  so  convenient  to  get  a  square 
and  spirit-level.  Drilling  machines  of  the  radial  type  are  now  being 
fitted  with  an  auxiliary  table,  one  surface  of  which  is  hinged,  in  order 
that  the  work  placed  upon  the  table  may  be  swung  round  into  any  angle 
from  the  vertical  spindle. 

By  the  use  of  this  appliance,  holes,  running  at  inclinations  from  the 
vertical,  may  be  easily  drilled  or  bored  on  the  same  table  without  the 
trouble  of  re-setting,  which  is  a  great  advantage  in  some  classes  of  work 
where  the  "  setting"  occupies  a  considerable  portion  of  the  actual  time 
spent  on  the  work. 

When  articles  to  be  shaped  are  to  be  machined  at  an  angle^such, 
for  instance,  as  strips  for  slides — it  is  usual  to  drill  three  or  four  holes 
and  tap  them ;  then,  by  the  strip  being  screwed  to  an  angle  plate,  the 
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cutting  tool  can  be  set  and  the  bevel  machined  to  a  gauge  much  more 
satisfactorily  than  when  the  work  is  done  in  a  nnachine  vice,  or  other- 
wise clamped  to  the  machine  table, 

A  further  use  is  to  secure  the  angle  plate  to  the  table  of  a  planer, 
shaper,  or  milling-machine  table,  and  then  to  make  a  temporary  table  by 
fastening  a  second  angle  plate  to  it.  In  this  way  a  number  of  small 
pieces  of  work  may  be  arranged  on  the  table  and  clamped  from  beneath 
it,  thus  leaving  their  upper  surface  and  sides  free  for  tooling.  This 
method  applies  instead  of  a  machine  vice ;  and  since  three  surfaces  of 
a  considerable  number  of  small  pieces  can  be  treated  simultaneously,  it 
is  a  very  satisfactory  and  economical  process. 

Sometimes,  when  heavy  castings- are  being  fixed  to  be  planed,  angle 
plates  are  secured  to  the  table  of  the  machine,  and  after  the  work  has 
been  "  set,"  stops  are  inserted  between  the  end  of  the  work  and  the 
face  of  the  angle  plate.  This  is  done  to  prevent  end  movement  while 
deep  cuts  are  taken. 

In  the  "setting"  of  lai^e  castings  to  a  boring-machine  bar,  angle 
plates  are  found  useful.  An  example  of  this  occurs  when  a  hole  has  to 
be  bored  at  a  measured  distance  from  a  certain  face  or  foot  on  the 
casting.  If  an  angle  plate  is  secured  to  the  foot,  the  mete  or  rule 
may  be  placed  directly  touching  it.  When  an  angle  plate  is  not  used, 
a  straight-edge  has  to  be  held  whilst  the  measurement  is  obtained  or 
tested. 

Machine  Bolts  and  Nuts. — The  bolts  and  nuts  used  at  the  various 
machine  tools  are  frequently  required  to  hold  work  fast  for  a  considerable 
time  during  the  process  of  machining.  They  are  thus  put  to  the  test, 
both  as  to  the  fitting  of  the  nuts  on  the  bolts  and  as  to  the  material 
(wrought  iron  or  mild  steel)  of  which  they  are  made.  Mild  steel  is  the 
best  material,  because  of  its  superior  tensile  strength,  but  many  good  bolts 
in  use  are  forged  from  the  best  brands  of  wrought  iron. 

When  bolts  have  been  used  to  carry  heavy  loads,  and  thus  subjected 
to  severe  stresses,  they  will  give  no  warning,  but  break  off  suddenly. 
This  is  because  they  have  become  "  fatigued."  Such  bolts,  becoming 
bent  and  straightened  cold,  invariably  fracture,  breaking  off  like  "  cold 
short"  iron,  exhibiting  a  sparkling,  crystalline  appearance,  with  little  or 
no  fibre.  It  is,  therefore,  obvious  that  with  such  uncertainty  there  is  a 
danger  of  work  moving,  which  is  always  more  or  less  serious. 

The  elasticity  may  be  considerably  restored  by  annealing.  The 
strength  of  a  bolt  and  nut  is  calculated  to  carry  a  certain  load,  assuming 
the  nut  to  be  a  good  working  fit.  If  the  nut  shakes  loosely  on  the  bolt, 
the  strength  is  diminished,  and  if  used  the  danger  is  increased.  Such 
bolts  should  be  shortened  and  "  re-threaded,"  and  new  full-threaded  nuts 
put  on  as  required. 

The  bolts  in  general  use  are  provided  with  either  square,  hexagon, 
or  tee  heads  {mushroom  heads  are  loo  weak).  Square  and  tee  headed 
bolts  are  made  having  square  necks,  which  prevent  their  turning;  while 
hexagon-headed  bolts  may  be  used  with  advantage  on  tables  or  face 
plates  with  round  holes. 

A  simple  and  quick  method  is  to  place  the  nut  in  the  table  slot  of 
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a  plane,  shaper  or  milling  machine,  and  then  invert  the  bolt.  Special 
nuts  made  from  rectangular  bare  are  kept  at  each  machine.  By  the 
above  arrangement  a  clear  table  can  be  kept  to  receive  the  work.  This 
is  an  advantage  sometimes  when  fixing  heavy  castings,  as  by  the  method 
of  placing  the  bolts  first  there  is  great  danger  of  the  casting  getting 
foul  when  it  is  lowered  on  the  table. 

WaBhars. — Washers  are  used  to  give  the  nuts  a  trae  setting  on  the 
clips,  and  to  protect  the  corners  of  the  nuts  from  getting  jammed.  They 
are  also  used  to  fill  up  the  space  between  the  nuts  and  clips  when 
excessive  bolts  are  used.     Washers  are  purposely  made  larger  tlian  their 


FlO.  48.— Ancient  bolts. 


respective  bolts.  Thus  a  f-in.  bolt  is  fitted  with  a  washer  |^  in.  in 
the  hole ;  there  is,  however,  an  idea  that  any  washer  will  do  if  it  will 
pass  over  the  bolt.  This  is  wrong,  because  of  the  scant  bearing  surface 
left  for  the  nut,  which,  when  screwed  tightly  down,  forces  its  way 
partially  through  the  washer,  expanding  and  bursting  it  possibly,  also 
upsetting  the  position  of  the  clip  and  work. 

Standard  Nuts  and  Bolts. — Before  the  present  system  of  uniformity 
in  screw-threads,  much  difficulty  arose  in  consequence  of  fine  threads 
being  cut  on  large  bolts,  and  coarse  ones  on  bolts  of  a  small  diameter. 
(See  Fig.  48,  taken  from  photograph  of  ancient  bolts  and  nuts.  Note 
size  of  threads  and  form  of  bolt-heads.) 
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Clips  and  their  Uses.— Clips  are  used  to  hold  fast  work  to  the  tables 
or  face  plates  of  machines  and  lathes,  which  are  usually  provided  with 
square,  rectangular  or  tee  slots. 

Square  and  rectangular  slots  pass  clean 
through  the  tables  and  plates  at  suitable  in- 
tervals. Tee  slots  are  usually  made  where 
it  is  not    practicable  to    insert  a   bolt  from 

■ ;     the  back    of  the  plate   or   table   as    seen    in 

I  !        i  :         : ;      "n     large  machine  tools,  such  as  planes,  shapers, 
Fig.  49,— Chuckine  clip,      millers,  etc.,  or  in  the  base  plates  of  boring 
or  drilling  machines. 
Tee  slots  have  many  points  in  their  favour : — 

1.  Bolts  may  generally  be  placed  close  up  to  the  work. 

2.  Bolts  are  held  firmly  by  their  heads,  and  therefore  cannot  turn. 

3.  Bolts  may  be  inserted  into  nuts  previously  placed  to  receive  them, 
in  which  case  "  headless  bolts  "  or  studs  can  be  used  to  advantage. 

In  Fig.  49  a  "chucking  clip"  is 
shown.  This  is  used  with  equal  advan- 
tage at  the  lathe  or  drill  to  hold  small 
wheels,  collars  or  circular  plates  while 
being  bored  or  drilled. 

For  instance,  a  number  of  circular 


lock  nuts  may  be  bored  and  screw-cut  together  with  the  aid  of  the 
chucking-clip,  or  conical  bushes  (difficult  to  hold  in  a  jaw  chuck)  may 
be  quickly  secured  and  bored.    There  are  no  packings  required,  so 
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that  all  the  pressure  is  received  directly  from  the  two  bolts  to  the 
clip  and  the  work  beneath  it. 

It  is  important  to  notice  that  a  clip  is  never  allowed  to  secure  a  piece 
of  work  unless  the  holding-down  bolt  is  placed  nearer  to  the  work  than 
to  the  packings.  If  we  look  at 
Fig.  50  we  shall  find  the  bolt  to 
be  very  close  to  the  work.  This 
is  also  the  case  in  Fig.  51 ;  hut  in 
Fig.  52,  since  the  bolt  is  placed  in 
the  centre  of  the  clip,  the  pressure 
on  the  two  extremities  must  be 
equal.     Fig.  53  is  also  wrong,  as 


HI 


ra 


Fro.  S3. 


FjG.  54. 


will  be  seen  by  the  short  arm  carrj-ing  the  supporting  screw.  Fig.  54  is 
to  show  two  finger  clips  in  use.  If  we  consider  the  clip  as  a  lever  and 
the  bolt  the  movable  weight,  we  shall  remember  that  the  gripping 
power  is  least  when  the  bolt  is  placed  near  that  end  of  the  clip  which 
is  farthest  from  the  work  it  s 
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MATERIALS. 

Cast  Iron. — Cast  iron  is  obtained  by  smelting  iron  ore  in  a  blast 
furnace.  It  is  fusible,  but  will  not  temper  nor  weld.  It  is  stronger 
than  wrought  iron  in  compression,  but  much  weaker  in  tension. 

According  to  the  proportions  of  the  charge  put  into  the  furnace,  the 
pig  iron  or  cast  iron  obtained  differs  in  appearance,  in  strength  and  in 
other  properties.  The  differences  of  quality  are  due  to  differences  of 
composition  of  the  cast  iron,  and  especially  to  differences  in  the  amount 
and  condition  of  the  carbon  it  contains.  The  classes  of  pig  iron  pro- 
duced by  a  furnace  run  in  the  following  order,  \\t.:  No.  i,  No,  2, 
No.  3,  No.  4,  grey  forge,  strong  forge,  mottled  and  white,  which 
gradually  increase  in  hardness  from  No.  i  down  to  white,  which  is 
the  hardest  of  pig  iron.  Each  class  is  known  by  the  appearance  of 
its  fracture,  which  varies  considerably.  The  grey  forge  and  harder 
qualities  are  used  for  conversion  into  wrought  iron.  The  greyer  or 
foundry  irons,  known  as  Nos.  i,  2,  3  and  4,  are  used  for  foundry 
purposes. 

The  Blast  Furnace  is  constructed  chiefly  of  bricks,  the  internal  part 
being  lined  with  large  lumps  of  fire-brick,  the  height  varying  from  50  to 
100  ft.,  and  the  internal  diameter  at  different  points  of  the  furnace 
varying  in  proportion.  The  widest  part  of  a  furnace  is  at  the  top  of  the 
bosh,  which  may  be  from  18  to  20  ft.  in  diameter,  and  is  about 
26  ft.  above  the  hearth,  or  bottom,  of  the  furrwice.  The  lower  part  for 
a  distance  of  about  8  ft.  above  the  hearth  is  known  as  the  well,  in 
which  are  fixed,  at  equal  distances  apart  round  the  circumference  of  the 
furnace,  the  tuyeres,  through  which  the  blast  is  blown.  The  tuyeres,  which 
are  usually  made  of  wrought  iron,  vary  in  number  from  four  to  ten.  The 
blast  is  blown  into  the  furnace,  which  is  charged  with  ore,  fuel,  and 
limestone,  at  a  pressure  of  from  5  to  12  lbs,  on  the  square  inch,  and  at 
a  temperature  of  from  1000°  to  1500°  F.  It  is  produced  by  means  of 
powerful  blowing  engines,  which  consist  of  a  steam  cylinder  and  a 
blowing  or  air  cylinder;  from  here  the  blast  is  conveyed  through 
wrought-iron  tubing,  3  or  4  ft,  in  diameter,  to  the  hot-blast  stoves, 
which  are  of  two  kinds,  viz.,  "  pipe  stoves  "  and  "  patent  brick  stoves." 
The  former  consist  of  cast-iron  pipes  U-shape,  each  leg  being  about 
12  in.  in  diameter,  and  10  to  15  ft  in  length;  these  are  so  fixed  in 
cast-iron  boxes  that  a  continuous  passage  is  made  through  which  the 
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blast  passes  on  its  way  to  the  furnace.  The  pipes  are  enclosed  in 
a  brick  chamber,  each  containing  fifteen  to  twenty  pipes.  Waste  gases 
from  the  furnace  are  conveyed  to  these  chambers,  in  which  they  are 
burned,  thereby  raising  the  temperature  of  the  pipes  to  an  almost 
melting  heat,  which  obviously  raises  the  temperature  of  the  air  or  blast 
as  it  passes  through  them. 

The  furnace  is  fed  from  the  top ;  the  iron  ore,  fuel  (coal  and  coke) 
and  limestone — the  latter  being  used  as  a  flux — are  raised  in  iron  barrows 
by  a  cage,  worked  either  by  winding  engines  or  hydraulic  power.  The 
proportions  of  the  charge  vary  according  to  the  quality  of  iron  required, 
and  also  according  to  the  quality  of  fuel  used  and  the  composition  of 
the  iron  ore. 

The  iron  is  cast  or  run  from  the  furnace  every  eight  or  twelve  hours, 
according  to  the  working  of  the  furnace,  and  also  the  capacity  of  the 
well.  It  is  drawn  from  the  furnace  through  what  is  known  as  the 
"tapping  hole,"  and  then  runs  along  a  main  channel,  and  from  this  into 
a  series  of  smaller  channels,  from  which  run  short  parallel  lines  or 
moulds  about  3  ft.  long  called  "pigs,"  each  pig  when  cast  weighing 
about  I  cwt. 

As  the  iron  is  reduced  from  the  ore  it  sinks  to  the  bottom  of  the 
furnace  in  a  molten  state,  and  immediately  above  this  floats  the  slag, 
which  is  run  from  the  furnace  at  a  point  about  2  ft.  6  in.  above  the 
"tapping  hole."  The  weight  of  slag  produced  by  a  furnace  is  more 
than  equal  to  the  weight  of  iron  made.  Various  methods  are  adopted 
in  dealing  with  the  slag.  In  some  cases  it  is  run  on  to  open  beds, 
and  varies  from  i  or  2  in.  to  iz  in.  in  thickness.  When  cool  enough  to 
be  handled — it  may  have  to  be  watered — it  is  broken  up  by  means 
of  picks  and  hammers,  and  loaded  into  either  wagons  or  trams.  It 
is  then  usually  passed  through  a  stone-breaker,  which  delivers  it  into 
a  revolving  screen,  having  variously  sized  holes  through  which  the  slag 
passes  into  waggons  ready  for  sale,  it  being  used  for  either  repairing  or 
making  macadamized  roads. 

Another  method  of  dealing  with  slag  from  the  furnace  is  to  run  it 
into  cast-iron  boxes,  which  hold  from  one  to  two  tons.  Before  the 
slag  is  run  in,  either  one  or  two  iron  stakes  are  placed  in  the  box  which 
serve  to  lift  by  when  the  slag  is  set,  the  lifting  being  usually  done  by 
means  of  a  crane. 


i  OF  Cast  Iron. 


Iron    ,        .        .        .  94"56  I  94'o8  9456 

Carbon       .        .        .  3*"|°i!JI  combined  I  g'ljJ.B  combined  3A  3*° 

Silicon,  sulphur,  phos.  1"8  ■  1  1-45  i'8 

Manganese         .        .  o'jo  vyj  0-5 
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Shrinkagre  of  Caetingrs.— The  usual  allowance  for  each  foot  in  length 
s  as  follows  : — 


In  lar^e  cylinders 
In  smali  cylinders 
In  beams  and  girder 
In  thick  brass    . 
In  thin  brass 
In  cast-iron  pipes 


Inline ,-V 

In  lead t'^ 

In  tin J 

In  copper ^ 

,  In  bismuth         ....  JL 


Keverberatory  furnace. 


Production  of  Wrought  Iron. — White  iron  is  found  to  be  most 
suitable  for  this  purpose.  In  the  blast  furnace  it  has  taken  up  the 
impurities,  carbon,  silicon,  phosphorus,  sulphur,  and  manganese,  and 
all  these  must  now  be  removed.  The  process  of  removing  the  im- 
purities is  termed  "puddling."  The  cast  iron  is  melted  in  a  rever- 
beratory  furnace  {Fig.  55),  the  working  bottom  of  which,  as  well  as  the 
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lining  (or  fettling),  consists  mainly  of  oxides  of  iron  (red  haematite  and 
smithy  scales). 

The  oxygen  from  the  oxide  bums  off  the  impurities.  The  escape  of 
these  producis  of  combustion  from  the  interior  of  the  mass  causes  it  to 
appear  to  boil.  Hence  the  process  sometimes  called  "  pig-boiling."  As 
the  impurities  are  removed,  the  mass  becomes  pasty,  because  pure  iron 
has  a  higher  melting  point  than  impure  iron.  This  pasty  mass  is  then 
worked  up  into  "blooms,"  These  blooms  are  then  squeezed  and 
beaten  out  under  steam  hammers  and  elongated,  and  finally  passed 
under  powerful  rolls,  where  they  are  formed  into  square,  rectangular  and 
round  bars  or  rods. 

The  process  is  called  "  shingling." 

The  wrought  iron   thus  produced  varies  in  quality,  and,  however 


good,  may  be  improved  by  being  cut 
up  and  re-puddled. 

Wronght  Iron. — The  presence  of 
phosphorus  causes  wrought  iron  to  be 
more  easily  broken  than  bent;  such 
iron  is  termed  "cold  short." 

The  presence  of  copper  or  sulphur 
causes  the  iron  to  be  brittle  at  a  work- 
ing heat.  Iron  which  behaves  thus  is 
termed  "  red  short." 

The  best  qualities  of  iron  contain 
as  much  as  99  per  cent,  of  pure  iron, 
and  I  per  cent  of  other  impurities. 

In  some  brands,  however,  the 
carbon  will  reach  as  much  as  3  per 
cent,  to  4  per  cent.,  the  steely  cha- 
racter of  the  iron  being  quite  apparent 
on  fracture. 

Common  iron  is  not  considered  as  being  of  a  sufficiently  reliable 
quality  to  admit  of  its  being  forged  into  parts  for  the  construction  of 
ei^ines  or  machines,  and  therefore  finds  no  place  in  the  workshop. 

On  the  other  hand,  good  wrought  iron  is  a  tough  and  fibrous  metal, 
capable  of  being  bent  whilst  cold  (see  examples  of  rods  and  bars  twisted 
and  tied,  Fig.  56),  or  forged  whilst  hot  into  almost  any  shape  without 
showing  fracture.  It  has  a  great  tensile  strength,  and  is  much  used  in 
all  constructional  work. 

Besides  being  called  round  or  square,  iron  is  also  branded  according 
to  quality. 

The  purest  and  best  kinds  are  exceedingly  tough,  among  which  are 
"  Swedish  Iron,"  also  "  Low  Moor,"  and  "  Charcoal  Iron,"  "  Butterley," 
and  "Staffordshire  Irons." 
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The  latter  are  marked  as  follows : — 

"Bridge"  and  "girder"  quality  .  Butterley  ^ff 

"Boiler"  „  .  .  „         B. 

"  Best," "  Best "  „  .  .  „        RB. 

"Treble  Best"  „  .  .  „        B.B.B. 

The  above  suRiqes  to  show  that  iron  is  made  in  different  qualities  to 
suit  the  various  purposes  in  general  engineering. 

The  iron  is  caused  to  assume  its  form  by  being  passed  through 
powerful  rolls. 

Referring  to  the  illustration  (F^.  369),  it  will  be  seen  that  the  iron 
is  rolled  from  a  large  mass  to  one  or  other  of  the  angidar  sections : 
also  round,  or  square,  according  to  the  rolls  used. 

Uallaable  Iron  CaBtings. — Malleable  iron  castings  are  made  from 
white  pig  and  scrap  iron,  and  are  afterwards  cast  in  the  ordinary  manner. 
But  at  this  stage  the  castings  are  brittle  and  hard.  After  dressing  they 
are  placed  in  an  oven  along  with  powdered  hjematite  (peroxide  of  iron), 
the  oxygen  from  which  combines  with  the  carbon,  which  is  thus  partially 
removed  from  the  iron,  leaving  the  product  malleable. 

The  charged  oven  is  first  sealed,  and  then  heated  to  a  bright  red  heat, 
which  is  kept  uniform  for  about  a  week,  the  time  varying  according  to 
the  size  of  the  castings  to  be  annealed. 

The  oven  is  then  allowed  to  cool  down  slowly.  Castings  which  have 
been  thus  treated  may  be  bent  when  cold,  but  will  not  stand  forging 
like  wrought  iron,  because  a  core  of  iron  containing  carbon  still  remains 
in  the  centre  of  each  casting.  The  castings  are  stronger  and  tougher, 
but,  for  the  reason  above  stated,  undue  hammering  will  produce  fracture. 

It  should  be  pointed  out  that  in  metallurgy  "  malleable  iron  "  is  that 
product  which  will  stand  hammering  and  rolling  out  into  thin  sheets. 
This  refers  to  wrought  iron,  and  must  not  in  any  way  be  taken  as  referring 
to  castings,  even  though  they  have  been  annealed. 

Steel  Manufacture,  Cementation  Process.— Stee!  is  a  compound  of 
iron  with  a  small  percentage  of  carbon.  The  kinds  and  qualities  of  steel 
vary  partly  by  the  method  of  production,  and  partly  by  the  amount  of 
carbon  they  contain.  In  the  cementation  process  wrought-iron  bars  are 
placed  in  a  box  along  with  charcoal,  and  are  heated  in  a  furnace. 
The  bars  thus  heated  are  kept  at  a  uniform  temperature,  during  which 
time  they  have  absorbed  carbon  from  the  charcoal.  On  removal  they 
are  found  covered  with  blisters,  hence  the  name  "  blister  steel."  The 
quality  is  known  to  be  good  by  the  numerous  small  and  even-sized 
blisters  that  appear,  while  large  blisters  at  irregular  intervals  indicate  a 
poor  quality  and  want  of  homogeneity  in  the  original  bar. 

Shear  steel  is  the  name  given  to  blister  steel  after  it  has  been  cut  up, 
refa^oted  and  welded.  This  product  again  cut  up  and  similarly  treated 
gives  us  double  shear  steel. 

Crucible  cast  steel,  commonly  called  tool  steel,  is  made  by  melting 
blister  steel  in  crucibles.  Small  pieces  of  scrap  iron,  or  spiegeleisen,  are 
added  according  to  the  quality  and  temper  of  the  steel  required ;  or 
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scraps  of  Bessemer  steel  mixed  with  spiegeleisen,  instead  of  the  blister 
steel,  may  be  used. 

After  the  molten  steel  has  been  poured  into  an  ingot  mould  and 
solidified  it  is  then  forged  under  steam  hammers  into  round  or  rectangular 
bars,  the  round  sections  being  finally  passed  between  rolls  which  give 
a  smooth  and  planished  surface,  as  well  as  leaving  the  product  uniform 
to  dimensions. 

The  best  brands  of  cast  steel  for  tools  are  those,  containing  a  com- 
paratively large  percentage  of  carbon,  with  a  small  percentage  of 
phosphorus  and  nickel.  Their  appearance  on  fracture  is  very  uniform 
and  lead-like,  the  granular  particles,  being  dense  and  compact,  resem- 


Fic.  57-— Crucible  cast  steel  fractured. 

bling  the  specimen  shown  in  Fig.  57.  Such  brands  of  steel  are  called 
"  high  grade,"  and  require  careful  treatment  in  the  hands  of  the  tool- 
smith. 

H^h-grade  tool  steel  will  not  admit  of  being  heated  above  a  blood- 
red  heat  without  deteriorating,  and  if  allowed  to  remain  in  the  fire  to  a 
bright  red  it  will  quickly  lose  its  power  of  cohesion,  and  will  crumble 
under  the  blows  of  a  hammer.  It  should  therefore  be  forged  into  tools 
at  the  proper  heat,  which  can  only  be  correctly  judged  after  much 
practice.  The  best  qualities  for  ordinary  cutting  tools  (Fig.  58,  Nos.  i, 
2  and  3),  show  the  most  compact  grain  on  fracture.  The  other  qualities, 
with  more  open  grain,  are  best  suited  for  tools  submitted  to  shock  or 
percussion,  such  as  hammers  and  chisels. 
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Self-hardening*  Tool  Steel.— The  Bethlehems  Steel  Co.,  of  Pennsyl- 
vania, patented  a  self-hardening  tool  steel,  which  will  work  at  a  higher 
temperature  and  run  at  a  higher  cutting  speed  than  the  ordinary  carbon 
tool  steel.  This  air-hardening  steel  is  compounded  with  chromium  in 
the  proportion  of  at  least  i  per  cent.,  with  at  least  i  per  cent,  of 
tungsten.  The  best  results,  however,  were  obtained  with  chromium  i 
per  cent.,  and  tungsten  4  per  cent.  The  efficiency  or  cutting  speed  of 
tools  treated  with  this  process  increases  with  the  temperature  to  which 
they  are  subjected  above  the  "brea king-down  point,"  from  temperatures 
of  1725°  F.  to  1850°  F, ;  but  when  heated  above  1850°  F.,  and  from 
this  temperature  to  the  point  where  the  steel  soflens  or  crumbles 
when  touched,  the  increase  in  the  cutting  speed  of  the  tool  is  very 
striking,  reaching  its  maximum  at  these  high  temperatures. 

Another  discovery  the  above  inventors  found  is  that  the  cutting  speed 
of  the  tools  treated  at  the  "  high  heat "  is  materially  increased  by  holding 
the  tool  for  several  minutes  at  a  temperature  between  450°  F.  and 
1350°  F. ;  for  the  best  results,  between  700°  F.  and  1240°  F.  This 
can  be  effected  by  checking  the  cooling  of  the  tool  after  its  tempera- 
ture has  fallen  below  1350°  F.,  and  maintaining  it  at  the  desired  point 
or  points  for  the  required  time,  or  preferably  by  reheating  the  tool  and 
holding  it  at  the  point  or  points  determined  upon.  This  supplemental 
treatment  is  called  the  "  low  heat "  treatment,  and  it  must  be  noted  that 
in  this  "  low  heat "  treatment  the  tools,  if  raised  above  1240°  F.,  and 
from  that  up  to  1350°  F.,  must  be  maintained  at  such  temperatures  for  only 
a  very  short  time;  while  below  1240°  F.  no  deterioration  takes  place 
by  exposure  to  the  chosen  heat  for  a  long  time :  an  exposure  of  at  least 
five  minutes  is  suggested.  Air-hardening  steel  is  manufactured  at 
Sheffield  by  several  firms.  At  a  recent  test  of  the  cutting  capacity  of 
the  steel,  some  record  speeds  and  feeds  were  obtained, 

BeSBemer  Steel. — In  the  Bessemer  process,  the  impurities  in  the  cast 
iron  are  burnt  out  by  blowing  a  blast  of  air  through  the  molten  Iron 
directly  it  leaves  the  blast  furnace.  This  operation  is  performed  in 
a  large  pear-shaped  vessel,  known  as  the  converter,  which  is  mounted  on 
trunions,  and  through  the  perforated  bottom  of  which  a  powerful  air 
blast  can  be  forced. 

The  converter  is  tilted  into  a  horizontal  position,  and  a  quantity  of 
molten  cast  iron  is  ran  in.  The  air  blast  is  then  started,  and  the  con- 
verter immediately  swung  back  into  a  vertical  position.  In  a  short  time 
the  whole  of  the  impurities  are  burnt  out.  The  stage  at  which  this 
operation  is  complete  is  sharply  marked  by  the  sudden  disappearance  of 
the  flame  from  the  open  mouth  of  the  converter.  Once  more  the 
converter  is  swung  into  a  horizontal  position,  and  the  blast  stopped ;  the 
exact  quantity  of  carbon  required  to  convert  the  pure  iron  in  the  con- 
verter into  steel  is  now  added,  and  dissolved  in  the  molten  iron.  Spiege- 
lessen,  or  ferro-manganese,  an  iron  ore  rich  in  carbon,  is  generally  used 
for  this  purpose.  The  blast  is  turned  on  for  a  few  moments  in  order  to 
thoroughly  mix  the  materials,  after  which  the  contents  are  poured  out 
into  the  casting  ladle. 

The  operation  of  converting  pig  iron  into  steel  lasts  about  twenty 
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minutes,  and  the  iron  is  kept  molten  during  this  period  by  the  heat  given 
out  by  the  burning  impurities  within  its  mass. 

llie  following  analysis  gives  an  idea  of  what  occurs  in  the  converter : — 


Impuri 

Ksin[»giH>n 

"U 

its  in  L™.  after  bias 

0-I7 
0093 

Impuriiiu  in 

Graphite 

a^icon 
Phosphorus 
Manganese 
Sulphur 

2|S 

2-26   \ 
O'CfJ 

0-41  1 

0-37 

009 
0-63 
0-09 

Steel  HannraotiiTe,  SiemenB  Hartin  Process, — In  this  process 
(invented  by  Dr.  Siemens)  molten  cast  iron  is  introduced  into  a  rever- 
beratory  furnace ;  to  this  is  added  a  mixture  of  scrap  wrought  iron  and 
steel  which,  by  being  previously  heated,  is  quickly  acted  upon. 

When  this  has  become  thoroughly  mixed  with  the  molten  cast  iron, 
a  small  quantity  of  spiegelessen  is  added,  this  being  rich  in  carbon  and 
manganese.  The  amount  of  carbon  left  in  the  metal  is  ascertained  by 
testing  a  small  quantity. 

A  small  portion  of  the  molten  metal  is  removed  by  a  ladle.     After 
this  has  solidified  it  is  broken  up  and  tested  by  the  chemist  on  the  works. 
If  found  satisfactory,  the  change  is  tapped,  run  into  ladles,  and  finally 
it\to  moulds. 

The  furnace  is  made  to  rotate,  and  is  supplied  with  a  blast  of 
hot  air. 

Hematite  Steel-makiiig  at  Barrow.' — The  steel  converter  has  a 
capacity  for  twenty  tons  of  metal.  The  converter  is  elevated  sutBciently 
to  allow  the  ladle  standing  on  a  crane  below  to  receive  the  contents  of 
steel,  and  also  to  allow  a  bogie  on  a  road  beneath  the  converter  to 
receive  the  slag. 

Each  converter  is  actuated  by  means  of  a  powerful  pair  of  hydraulic 
rams,  having  a  rack  and  pinion  acting  in  opposite  directions.  In  front 
of  the  converter  is  a  platform  supported  by  iron  columns,  to  which  access 
is  obtained  by  an  inclined  roadway,  along  which  the  molten  iron  is 
brought  from  the  mixer  in  ladles. 

A  locomotive  places  the  ladle  of  iron  in  front  of  the  mouth  of  the 
converter,  a  hook  engages  itself  on  to  a  pin  fastened  on  the  ladle,  and 
lifts  it  up  gradually  until  the  whole  of  its  contents  are  poured  into  the 
converter.  Spiegelessen  is  charged  into  the  converter  in  a  similar 
manner,  the  cupola  being  at  one  end  of  the  platform  and  on  the  same 
level  as  the  converter. 

The  ladle  is  transferred  by  crane  to  a  centre,  or  casting  crane,  from 
which  the  heat  is  cast  into  moulds.    The  moulds  are  placed  on  bogies. 


'  See  Engineering,  Not.  33,  lyol . 
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each,  bogie  carrying  two  moulds.  They  move  forward  under  the  nozzle 
of  the  ladle  as  required,  the  centre  crane  remaining  stationary. 

Each  mould  is  made  to  hold  two  tons  of  steel,  and  in  order  that  the 
arrangement  of  casting  should  work  well,  about  a  hundred  bogies  are 
always  in  use,  the  consequence  being  that  there  is  a  constant  stream  of 
b<^ies  and  moulds  in  circulation,  and  by  keeping  them  running  in 
proper  order  the  moulds  become  cool  by  the  time  they  are  required 
without  recourse  to  water-cooling. 

When  ■  the  ingots  have  remained  in  the  moulds  ten  minutes,  the 
bogies  are  drawn  forward  to  the  ingot  strippers.  This  is  a  very  useful 
machine  which,  with  a  minimum  of  labour,  strips  the  mould  from  the 
ingot  and  places  them  on  an  empty  bogie  that  they  may  return  to  the 
yard  to  cool  before  being  used  again. 

The  ingots,  still  on  the  bogie  but  stripped  of  their  moulds,  are  taken 
to  gas-heated  pits.  These  gas-fired  pits  take  the  form  of  a  long  pas- 
sage or  channel,  5  ft.  6  in.  wide  and  6  ft.  6  in.  deep,  at  either  end  of 
which  is  a  set  of  generators. 

There  are  five  lids  to  each  pit,  and  they  hold  twenty  ingots;  that  is, 
four  ingots  under  each  lid  or  door. 

When  the  ingots  arc  sutficiently  heated  they  are  taken  out  of  these 
pits  by  hydraulic  cranes,  and  are  placed  upon  a  train  of  live  rollers 
which  convey  them  to  the  cogging  mill,  which  is  worked  by  high-pressure 
steam  engine.  The  rolls  have  five  grooves,  and  when  the  bioom  has 
passed  through  the  last  groove  it  is  conveyed  on  roller  gearing  to  the 
shears,  where  the  rough  ends  are  cut  otT.  This  prevents  collars  and 
other  troubles  arising  during  subsequent  rolling. 

Hantifacturfl  of  Hild  Steel.  Roug:tiiii^  Hill. — After  shearing  it 
passes  in  a  straight  line  to  the  roughing  mill ;  this  mill  consists  of  a  28-in. 
train,  and  is  driven  by  a  pair  of  reversing  engines. 

In  usual  work  a  bloom  makes  five  passes  in  this  mill,  and  then  pro- 
ceeds to  the  finishing  mill,  which  passes  it  another  live  times,  and  thence 
on  live  rollers  to  the  saw,  where  it  is  cut  into  the  requisite  lengths.  After 
sawing  each  rail  is  placed  on  the  hot  bank.  When  the  rails  are  cold 
they  pass  on  roller  gearing  to  the  finishing  bank,  where  they  are 
straightened,  drilled,  and  finished. 

Plates  are  rolled  in  the  rolling  mill,  the  rolls  being  each  7  ft  6  in. 
long  ;  the  plates  vary  from  '\  in,  to  2  in.  thick. 

Treatment  of  Thin  Plates  of  Steel. — It  is  the  practice  to  give  a 
smooth  surface  to  thin  sheets,  but  it  is  always  done  at  the  expense  of 
their  ductility.  Such  plates  or  sheets  are  rolled  at  a  low  temperature, 
and  therefore  made  hard,  hence  for  many  purposes  they  are  annealed  ; 
the  treatment  generally  consisting  in  packing  them  in  large  piles  into 
boxes,  which  are  intended  to  exclude  the  air  from  them  whilst  they 
are  heated.  The  boxes  are  heated  up  slowly,  which  may  take  from  a 
few  hours  to  a  day,  according  to  size,  and  then  maintained  from  eight 
to  twenty-four  hours  or  more  at  full  red  heat,  and  allowed  to  cool 
down  very  slowly,  heating  and  cooling  taking  altogether  from  one  to 
three  days. 

This  gradual   heating  and   cooling,  if  carried  at  all  to  excess  as 
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to  temperature  or  length  of  time,  will  undo  the  good  of  reheating  by 
promoting  the  growth  of  grain,  and,  if  too  much  air  gets  in,  by  burning 
out  the  carbon,  so  that  in  either  case  the  plates  maybe  more  brittle 
than  before. 

The  more  rapidly  it  is  possible  to  heat  the  sheets  up,  and  the  less 
time  they  are  kept  hot  once  they  have  reached  cherry  red,  the  smaller 
the  grain  and  the  tougher  they  will  be. 

Wire  Rods  and  Wire.^Though  the  area  of  these  is  relatively 
soiall,  wire  rods  are  rolled  so  fast,  especially  in  continuous  mills,  that 
they  finish  at  a  good  red  heat;  and  being  wound  in  compact  coils, 
which  are  often  stacked  in  large  heaps,  they  cool  slowly,  and  are  not 
so  hard  as  could  be  expected. 

Correct  Treatment  of  Steel. — Wire  rods  for  drawing  are  usually 
first  pickled,  swilled,  lime-washed,  and  annealed,  and  then  after  every 
two  or  more  drawings  (according  to  the  reduction,  the  carbon  contained, 
etc.)  re-annealed  hghtly. 

There  is,  no  doubt,  a  tendency  to  draw  through  as  large  a  number 
of  holes  as  possible,  thus  minimizing  annealing. 

Cold  drawing  has  a  very  marked  hardening  effect,  and  if  carried 
a  little  too  far  may  easily  make  the  steel  brittle. 

Rods  predisposed  to  brittleness,  either  by  finishing  above  critical 
temperature,  and  thus  leaving  the  grain  too  coarse,  or  by  finishing  at 
or  near  blue  heat,  are,  when  subjected  to  the  further  hardening  and 
straining  effects  of  pickling  and  cold  drawing,  almost  certain  to  become 
very  brittle.' 

Copper. — Copper  is  found  in  laige  quantities  in  many  parts  of  the 
world ;  either  in  the  metallic  state,  or  as  an  ore. 

One  mass  of  metallic  copper  found  in  Minnesota  was  calculated  to 
weigh  soo  Ions. 

The  ores  are  very  numerous,  the  most  important  being:  copper 
pyrites,  or  yellow  copper  ore  (sulphide  of  copper  and  iron),  and  vitreous 
copper  ore  (sulphide  of  copper). 

Copper  pyrites  is  the  most  abundant  ore.  It  contains  34'8  per  cent. 
of  copper.  It  occurs  in  the  north  of  Europe,  in  England,  especially 
in  Cornwall,  Devonshire,  and  Anglesey,  and  in  many  parts  of  Asia, 
Africa,  America,  and  Australia.  The  copper  of  this  country  is  chiefly 
produced  from  copper  pyrites,  yielded  by  the'  mines  of  Devonshire  and 
Cornwall.  This  ore  contains  about  8  per  cent,  of  copper.  It  is  con- 
veyed to  the  coal  districts  of  South  Wales  to  be  smelted. 

The  first  process  of  smelting  is  to  calcine  the  ore.  This  is  done  by 
heating  it  in  a  calcining  oven,  wliich  expels  the  arsenic  and  sulphur 
contained  in  the  ore,  and  oxidizes  the  copper  and  iron  Co  a  black 
powdery  mass. 

This  powder  is  then  melted  in  a  highly  heated  oven,  and  when 
liquid,  is  well  stirred,  to  allow  the  metallic  sulphide  to  separate  from 
the  earthy  matter.  This  metallic  sulphide,  containing  about  33  per 
cent,  of  copper,  is  drawn  off  into  a  vessel  of  water,  where  it  granulates 
as  coarse  metal. 

'  See  Enpnaring,  Nov.  15,  1901, 


Dcinz.aoy  Google 


S3        MACHINE    TOOLS  AN!)    WORKSHOP  PRACTICE. 

The  coarse  metal  is  again  calcined,  melted,  and  poured  into  water. 
It  is  now  termed  "fine  metal,"  and  contains  about  60  per  cent,  of 
copper. 

Another  repetition  of  the  above  process  brings  it  to  the  state  of 
coarse  copper,  which  contains  80  to  90  per  cent,  of  pure  copper. 

This  coarse  copper  is  exposed  to  a  high  temf)erature  in  a  roasting 
furnace,  by  which  volatile  matters  are  expelled,  and  the  metals  become 
oxidized.  It  is  drawn  from  this  furnace  as  blistered  copper,  almost 
wholly  free  from  sulphur,  iron,  and  other  impurities. 

The  blistered  copper  is  transferred  to  a  refining  furnace,  covered  with 
charcoal,  and  brought  to  a  liquid  state.  The  copper  obtained  from 
this  last  furnace  is  tough   and   malleable,  and   fit    for  manufacturing 


Copper  is  also  largely  obtained  from  weak  Spanish  ores,  containing 
z  per  cent,  to  4  per  cent,  of  copper  by  the  wet  process.  These  ores 
generally  contain  45  per  cent,  to  48  per  cent,  of  sulphur,  and  are  used 
at  alkali  works  in  the  production  of  vitriol. 

The  residual  ore  is  returned  to  the  metal-extracting  works,  and 
roasted  with  salt.  The  copper  becomes  soluble,  and  is  washed  out 
and  precipitated  in  the  metallic  state  by  scrap  iron. 

Copper  depoBitingr  by  the  Eleotrolyaia  Process  (Elmore's).— The 
bars  of  copper  are  melted  in  an  ordinary  furnace,  and  granulated  by 
being  run  into  a  tank  of  water.  These  are  next  placed  on  a  copper 
tray  at  the  bottom  of  the  tank,  which  serves  as  the  anode,  or  positive 
terminal. 

Above  this  tray  is  a  copper  cylinder  revolving  on  a  horizontal  axis, 
and  constituting  the  cathode,  or  negative  terminal ;  a  solution  of  copper 
sulphate  or  blue  vitriol  is  the  electrolyte.  The  revolving  cylinder  is 
completely  immersed  in  this,  and  contact  is  made  with  it  by  a  copper 
bru^.  Pressing  upon  its  surface  is  an  agate  burnisher,  which  is  applied 
to  the  cylinder,  much  as  the  tool  is  to  a  piece  of  work  in  the  lathe, 
only  that  it  is  placed  nearly  vertically  instead  of  horizontally. 

The  traversing  motion  is  obtained  by  means  of  a  horizontal  shaft 
located  at  the  back  of  the  tank,  and  extends  the  whole  length  of  a  set 
of  tanks.  This  shaft,  for  a  length  at  one  of  its  ends  equal  to  that  of 
a  single  tank,  is  provided  with  a  screw  thread,  which,  by  working  in  a 
stationary  nut,  causes  the  burnisher  in  each  tank  to  travel  from  end  to 
end  of  the  revolving  cylinder  to  which  it  is  applied. 

At  the  end  of  the  traverse  its  motion  is  automatically  reversed,  and 
it  returns  in  precisely  the  same  manner.  It  is  this  burnishing  process 
that  is  claimed  to  be  the  cause  of  the  remarkable  tensile  properties  that 
the  deposited  meta!  appears  to  possess. 

Piosphor  Bronze. — Phosphor  bronze  is  an  alloy  consisting  chiefly 
of  copper  and  tin,  to  which  phosphorus  is  added. 

There  is  some  experience  required  at  the  time  of  mixing  to 
obtain  the  best  results,  owing  to  the  behaviour  of  the  ditferent  materials, 
the  phosphorus  is  not  added  until  a  few  minutes  before  the  molten 
metal  is  poured,  which  takes  place  only  when  at  the  proper  temperature. 

The  qualities  used  as  anti-friction  metal  are  the  best,  and  are  used 
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for   bearings,  bu^es,  slide  valves,  eccentric  straps,  and  other  wearing 
parts  of  engines  and  machines. 

Phosphor  bronze,  however,  cannot  be  greatly  varied  in  its  con- 
stituent quantities  without  in  some  way  lowering  its  quality. 

It  is  usual,  therefore,  to  supply  it  in  ingots  for  foundry  use,  or  bars, 
sheets,  and  wire  for  engineering  or  electrical  purposes,  direct  from  the 
manufacturers. 

Phosphor  bronze  is  the  strongest  copper  alloy,  and  therefore  is 
much  used  for  pumps  and  other  parts  of  hydraulic  machinery ;  being 
highly  tensile  and  tough,  it  is  good  for  castings  subjected  to  great  stress. 
Xhe  following  test  was  made  from  specimen  (Fig.  58)  supplied  by  the 
Phosphor  Bronze  Co.,  London  :— 


Round!     .,  , 
0-87  I  °  595 


n\ 


Brass  and  Bronze.— Alloys  of  copper  and  zinc  are  called  brass. 
Two  parts  copper  and  one  zinc  make  yellow  brass.  Three  parts  copper 
and  one  zinc  make  hard  brass. 

Bronze,  or  Qun  Uetal. — Alloys  of  copper  and  tin  are  called  bronze 
or  gun  metal.  A  good  mixture  is  90  per  cent,  copper,  10  per  cent,  of 
tin.     Harder  quality,  85  per  cent  copper,  15  per  cent,  of  tin. 

Manganese  or  White  Bronse. — Copper,  70  per  cent. ;  manganese, 
30  per  cent.  Some  mixtures  contain  a  small  percentage  of  tin.  This 
alloy  does  not  oxidize,  and  will  stand  forging  or  rolling. 

Aluminium  Bronze. — From  90  to  95  per  cent,  bronze,  5  to  10  per 
cent  of  aluminium. 

Babbitt's  Metal.— Tin,  96  parts ;  zinc,  8  parts ;  copper,  4  parts.  This 
metal  is  an  anti-friction  metal,  and  may  be  pasted  into  bearings,  and 
afterwards  rebored. 

Alominium. — The  ordinary  aluminium  is  about  99  or  99'2S  per 
cent,  pure,  the  impurities  being  iron  and  silicon  in  about  the  following 
proportions:  aluminium,  99*25  percent.;  silicon,  0-50  per  cent.;  iron, 
0-25  per  cent.  Pure  aluminium  practically  does  not  corrode  under 
atmospheric  influences,  but  forms  a  thin  film  of  oxide  which  protects  the 
metal  from  water,  and  there  is  no  further  corrosion. 

The  action  of  salt  water  on  pure  aluminium  is  extremely  slight, 
and  it  withstands  the  action  of  sea  water  much  better  than  iron  or  steel. 
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Aluminium    mehs  at  a   (emperature    of   1157°  F.,  compared  with 
nine,  779°  F. ;    silver,   1733°  F.;   and  copper,    1929°  F.     Aluminium 

does  not  volatilize  at  any  temperature  ordinarily  produced  by  the 
combustion  of  carbon,  even  (hough  this  temperature  be  kept  for  a 
considerable  number  of  hours.  It  oxidizes,  however,  and  therefore  it  is 
not  advisable  in  mailing  castings  of  aluminium  to  raise  the  metal  much 
above  the  melting    point  or  allow  it  to  remain  melted  for  any  great 


Ftg.  58. — Phosphor  bronze  specimen,     "Tensile  test." 

length  of  time.  Under  ordinary  temperatures  the  hardness  of  aluminium 
varies  according  to  its  purity,  the  purest  metal  being  the  softest.  The 
coefficient  of  linear  expansion  of  aluminium,  98'S  per  cent,  pure,  is 
o'oooo2o6°  C,  that  of  iron  being  o'ooooi7i8°  C. 

The  shrinkage  of  pure  aluminium  in  casting  is  about  ^  in.  to 
the  foot,  but  for  general  purposes  it  may  be  as  5  in.,  the  same  as  for 
brass.' 

Piodnotton  of  Metallio  Bars. — A  comparatively  novel  way  of  pro- 
ducing metallic  bars  of  all  sections  is  by  forcing  hot  metal,  in  a  plastic 
'  M(ch.  IVotU,  Diaiy. 
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state,  through  a  die  from  which  it  issues  in  the  form  of  bars  of  the 
section  required. 

This  process,  which  is  the  invention  of  Mr.  Alexander  Dick,  is  used 
by  the  Delta  Metal  Company,  of  which  he  is  the  managing  director,  to 
produce  their  "delta"  metals.  The  metal,  which  is  heated  to  a 
temperature  of  plasticity,  about  1000°  F.  or  more,  is  placed  in  a' 
cylinder,  at  one  end  of  which  is  a  die  of  the  same  section  as  the  work 
to  be  produced.  This  cylinder,  which  has  not  only  to  stand  the  pressure 
to  which  ftie  metal  is  subjected,  but  also  the  high  temperature  of  the 
metal,  is  composed  of  a  series  of  concentric  steel  tubes  between  which 
is  packed  a  dense  non-conducting  material,  over  all  being  a  strong 
steel  casing. 

The  die  plate,  which  is  formed  with  either  one  or  several  openings, 
is  fixed  in  a  holder  from  which  it  may  be  readily  removed,  as  different 
dies  are  required  to  be  used.  As  the  die  and  holder  are  heated  previous 
to  each  operation,  the  die  is  fitted  into  a  shouldered  recess  in  the 
holder,  which  is  coned  to  seat  in  a  hollow  metal  block.     This  block  is 


Fig.  59. — Seclion  of  a  mild  steel  casting. 


held  in  position  by  a  pair  of  gripping  jaws  actuated  by  hydraulic  pressure. 
The  die  holder  and  gripping  jaws  are  carried  in  a  strong  crosshead. 

Pressure  is  applied  by  an  hydraulic  ram  18  in.  diameter,  working 
under  a  pressure  up  to  about  2  tons  per  square  inch.  The  ram  has 
an  extension  of  reduced  diameter,  which  forms  the  plunger  of  the 
cylinder,  out  of  which  the  metal  is  forced.  When  pressure  is  applied, 
the  hot  metal  is  forced  out  of  the  cylinder  through  the  die,  issuing  in  the 
form  of  rods  of  the  required  section.  The  overall  dimensions  of  the 
apparatus  are  about  16  ft  long,  6  ft.  wide,  and  5  ft.  high.  The  quality 
of  metal  produced  by  this  method  is  superior  to  that  produced  by 
rolling,  owing  to  the  great  pressure  applied. 

Some  tests  made  at  Woolwich  Arsenal  with  delta  metal  bars  pro- 
duced by  this  process  show  a  tensile  strength  of  48  tons  per  square  inch 
with  32  j  per  cent,  elongation  on  2  in. ;  against  38  tons  per  square  inch 
and  20  per  cent,  elongation  of  rolled  bars  of  the  same  section. 

The  metals  which  are  produced  by  this  process  are  alloys  of  various 
kinds. 

Some  of  them  are  based  upon  the  introduction  and  chemical  com- 
bination of  definite  quantities  of  iron  in  copper-zinc  alloys,  others  are 
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special  bronzes.  Some  of  them  give  very  good  results  when  tested  for 
compression  and  tension.  They  are  also  malleable,  and  highly  non- 
corrosive,  which  makes  them  very  useful  for  propellers,  propeller-blades, 
also  for  hydraulic  and  other  work,  where  machinery  is  exposed  to  water, 
^nd  where  they  are  used  instead  of  iron  or  steel. 

There  are  also  metals  which  are  alloys  specially  suited  for  use  in 
bearings  instead  of  white  or  Babbitt's  metals.  Others  are  used  for 
drawing  into  wire  for  electrical  and  other  purposes. 

Hannfacture  of  Leaden  Pipes. — Leaden  pipe  is  made  by  forcing 
the  partially  congealed  lead  through  dies,  in  which  a  core  is  inserted, 
by  hydraulic  pressure.  The  essential  part  of 
the  apparatus  is  shown  in  Fig.  60.  The 
die  (a)  is  simply  a  metallic  disc  in  which  is 
an  aperture  which  fixes  the  outside  diameter 
of  the  pipe  to  be  made.  This  opening  flares 
downwards.  The  die  is  inserted  in  a  collar, 
which  in  turn  rests  in  the  bed-piece,  and  is 
adjustable  so  as  to  bring  the  die  accurately 
in  line  by  means  of  set-screws,  {b)  Resting 
above  the  die  and  bed-piece  is  the  lead 
receptacle,  {c)  This  is  a  heavy  cylinder 
having  an  annular  chamber  formed  in  it  to 
receive  the  steam  by  which  it  is  kept  hot. 
{d)  is  the  presser-plunger  working  downward,  and  in  it  is  inserted  the 
core  {e)  which  enters  the  die  aperture. 

The  metal  is  drawn  off  directly  from  the  kettle,  and  the  plunger  is 
at  once  brought  down  upon  it  so  that  it  may  be  kept  under  moderate 
pressure  until  sufficiently  congealed.  The  press  is  then  set  in  operation, 
and  the  lead  is  forced  through  the  annular  space  between  the  core  and 
the  die,  and  emerges  in  the  form  of  pipe- 

The  process  is  quite  rapid,  and  there  is  nothing  to  do  but  reel  up 
the  pipe  as  it  is  drawn.  As  soon  as  one  charge  is  withdrawn,  or  rather 
partially  so,  as  a  portion  is  left  in  the  chamber  to  which  the  new  charge 
unites,  more  lead  is  admitted  from  the  furnace,  and  the  operation  is 
repeated.  The  amount  of  pipe  made  at  a  single  pressure  depends  upon 
the  weight  of  same  when  finished.  Thus  an  extra  light  i-in.  pipe  weighs 
2  lbs.  to  the  foot,  and  the  chamber  may,  for  example,  hold  135  lbs. 
Therefore,  67J  ft.  of  pipe  are  produced  at  each  descent  of  the  plunger. 
Different  sizes  of  pipe  are_  produced  by  substituting  suitable  dies  and 
cores.  The  die  is  easily  reached  by  lifting  the  chamber  (1?),  which  is 
done  by  attaching  the  same  to  the  presser  plunger  and  elevating  the 
latter.' 

'     Spoils  Workshop  Recipes,  vol,  3,  pp.  360,  361. 
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CHAPTER    IV. 

DRILLS  AND  DRILLING   MACHINES. 

Drills  are  tools  used  to  cut  holes  through  solid  metal,  and  may  be 
caused  to  rotate  either  by  machine  or  by  hand  power. 

Some  holes  have  to  be  made  of  definite  sizes  and  accurately  located 
in  position ;  the  exact  size  of  the  holes  and  the  proper  place  they  take 
are  more  or  less  particular  according  to  the  following  rules  taken  from 
the  best  practice  : — 

1.  Holes  which  are  to  be  made  perfectly  accurate  in  size  and 
position  are  drilled  and  reamered  through  a  controlling  guide  called 
a  "jig." 

2.  Holes  which  are  to  be  used  as  bearings  for  axles  or  shafts  are 
drilled  and  reamered. 

3.  Holes  which  are  to  be  "  tapped  "  are  drilled  only, 

4.  Holes  which  are  for  "  clearance  "  are  drilled  to  a  larger  size  than 
the  diameter  of  the  rod,  axle,  shaft,  or  screw  which  may  have  to  pass 
through  them. 

5.  "  Cored "  holes  are  usually  made  too  large  for  drilling  (see 
"  Cores,"  Fig.  46),  but  if  to  be  enlarged,  the  process  is  called  "  boring," 
this  being  generally  done  with  a  bar  and  cutters  exactly  the  same  as 
in  ordinary  boring- machine  work.  Whatever  the  work  may  be,  it 
is  customary  to  "mark  out"  all  that  has  to  be  drilled  by  the  aid  of 
a  pair  of  cofnpasses  and  a  centre  punch ;  the  practice  being  to  "  set " 
the  work  as  truly  as  is  practicable  to  the  circle  scribed,  and  then  start 
the  drill  cutting.  As  the  drill  penetrates  the  metal,  the  exact  position  of 
the  work  relative  to  the  centre  of  the  drill  should  be  closely  watched 
and  corrected  by  means  of  a  drawing  chisel  if  the  point  of  the  drill  is 
not  entering  the  circle  correctly.  This  is  easy  to  do  in  small  work,  and 
is  effected  by  chipping  a  groove  with  a  round-nosed  chisel,  at  a  point  in 
the  circle  directly  opposite  to  that  where  the  drill  has  wandered  most 
from  the  original  centre.  It  is  advisable  that  the  groove  should  reach 
the  root  of  the  hole,  and  that  the  chipping  is  done  before  the  drill  enters  on 
its  periphefj.  The  chipping  is  done  simply  to  give  a  correct  centre  for 
the  drill  to  enter,  and  obviously  cannot  be  effective  after  the  drill  has 
made  the  hole  equal  to  its  own  diameter. 

Work  treated  as  above  should  be  relieved  of  its  fastenings  to  some 
extent  until  the  drill  has  found  a  true  path  concentric  with  the  dotted 
circle  originally  scribed,  otherwise  there  will  be  a  side  tension  on  the 
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drilling-machine  spindle,  caused  by  the  drill  nibbing  hard  on  the  hole 
on  one  side,  with  the  result  that  a  hole,  more  or  less  out  of  proper 
alignment,  will  be  made. 

In  laige  work  under  a  radial  drilling  machine  the  work  may  be 
secured  once  for  all,  because  the  drill  is  moved  by  means  of  the  swing- 
ann  and  saddle-screw.  Also,  in  a  machine  provided  with  tables  having 
a  longitudinal  and  transverse  slide  the  same  applies. 

Cored  Holes  bad  for  Drilling. — Cores  inserted  in  a  mould  prevent 
the  flow  of  molten  meta!  wherever  they  may  be  placed. 

There  are  two  main  reasons  for  inserting  cores,  viz.  to  keep  the 
castings  as  light  as  possible  (which  is  very  important  in  some 
castings),  and  to  make  holes  instead  of  cutting  them  out  of  solid 
metal. 

In  the  latter  case  great  care  must  be  exercised;  cored  holes  may 
or  may  not  need  subsequent  tooling. 

If  we  look  at  a  cast-iron  face  plate  for  a  lathe  we  have  an  example 
showing  a  number  of  cored  holes  which  need  no  subsequent  tooling. 
The  holes  are  not  made  to  lighten  the  plate,  but  for  use  when  securing 
objects  to  be  turned  or  bored. 

There  are,  however,  many  instances  where  cored  holes  are  objection- 
able, especially  in  small  castings,  viz.  cored  holes  cannot  be  made 
uniformly  true,  straight,  and  in  their  proper  place.  They  refuse  to  be 
coerced  by  a  drill  point,  and,  worst  of  all,  frequently  resist  the 
progress  of  the  drill  when  only  a  small  amount  of  metal  has  to  be 
removed,  owing  to  the  cutting  being  unequally  distributed.  The  scaly 
walls  of  the  holes  are  more  or  less  hard,  and  the  sand  from  the  core  is 
a  great  enemy  to  the  cutting  edges  of  the  drill.  For  these  reasons  the 
speed  at  which  the  drill  revolves  is  less  than  is  the  case  when  the 
metal  to  be  cut  is  solid;  besides  this,  the  holes  to  be  cut  from  solid 
metal  are  always  truer  than  those  which  were  previously  cored. 

Twist  Drills. — Twist  drills  are  almost  universally  used  in  preference 
to  those  forged  from  round  or  flat  bars  of  steel. 

Standard  Taper  Shanks. — Twist  drills  are  made  with  taper  shanks 
to  fit  a  standard  taper  gauge.  These  are  carried  in  specially  prepared 
sockets  adapted  to  fit  a  given-sized  machine  spindle.  Drills  of  this  class 
range  from  \  in.  to  4  in.  diameter. 

Standard  Taper  Shanks. — Drills  are  also  made  with  taper  shanks 
square  in  section  to  fit  ordinary  ratchet  braces  for  hand  use. 

Parallel  Shanks. — Another  kind  of  twist  drill  is  one  with  a  parallel 
shank  used  principally  in  screw  or  chucking  machines,  and  in  ordinary 
drilling  machines  when  carried  in  self-centering  chucks. 

Drills  of  this  make  are  stocked  in  all  sizes  from  ^  in.  to  i;  in., 
rising  by  ^  in. 

For  the  following  hints  on  some  of  the  special  points  in  the 
manufacture  of  twist  drills,  together  with  those  on  grinding,  point-thin- 
ing,  and  driving,  I  am  indebted  to  the  makers,  Messrs.  Smith  and 
Coventry,  Manchester, 

Teithig  New  Drills. — Testing  is  an  important  point  in  the  manu- 
facture.    Each  drill  is  used  to  make  a  hole  in  wrought  iron,  and  fed  at 
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a  coarse  rate;  the  holes  are  afterwards  gauged.  To  obtain  the  best 
results  from  a  twist  drill  it  is  necessary  that  the  drilling-machine  spindle 
should  rotate  truly  in  its  bearings.  It  is  obvious  that  if  a  twist  drill  is 
driven  eccentrically  it  is  in  great  danger  of  being  broken,  especially  in 
drilling  deep  holes. 

Grinding  Twist  Drills. — Three  points  must  always  be  watched  when 
grinding  twist  drills — 

1.  Both  lips  must  be  exactly  of  the  same  length. 

2.  Both  lips  must  have  the  same  clearance  angle. 

3.  Both  lips  must  be  equally  inclined  to  the  axis  of  the  drill,  or,  in 
other  words,  both  lips  must  be  of  the  same  angle. 

Effect  of  Bad  Grintiing. — If  we  examine  the  holes  drilled  by  twist 
drills  which  have  not  been  ground  to  fulfil  the  above  conditions,  we 
find— 

1.  That  the  hole  produced  is  of  greater  diameter  than  the  drill, 
because  one  lip  is  longer  than  the  other,  and  therefore  the  point  is  not 
in  the  centre  of  the  drill. 

2.  The  lip  having  the  greater  clearance  will  dig  into  the  metal, 
whilst  that  with  the  lesser  clearance  will  not  cut  so  freely,  and  thus  a 
horizontal  strain  will  be  introduced,  which  will  generally  break  the 
drill. 

3.  If  the  inclination  of  the  two  lips  is  not  the  same,  we  get  one  Up 
longer  than  the  other,  and  the  hole  produced,  as  above  stated,  is  larger 
than  the  drill  itself. 

It  has  been  found  that  by  thinning  the  points  of  twist  drills  their 
efficiency  is  enormously  increased,  and  the  power  required  to  drive  them 
is  very  much  diminished. 

Hethod  of  driving:  Twist  Drills. — The  most  mechanical  method  of 
driving  a  drill,  and  the  one  which  ensures  the  drill  running  perfectly 
true,  is  by  means  of  the  taper-shank. 

The  drilling-machine  spindle  is  bored  to  the  standard  taper  of 
the  shank  of  the  laigest  drill  used  in  it;  where,  however,  a  parallel 
bote  already  exists,  a  socket  may  be  used  with  a  shank  turned 
to  fit  it. 

The  sockets  and  drills  are  removed  from  the  machine  by  a  steel 
drift  made  with  a  slight  taper. 

Cutting  Speeds  and  Feeds. ^The  periphery  speed  of  the  drill  and 
the  rate  of  feed  given  are  those  suitable  for  drilling  wrought  iron.  The 
same  amount  of  work  can  be  performed  in  cast  iron,  but  it  is  best  to 
reduce  the  speed  one-fifth,  and  increase  the  traverse  of  the  spindle  in 
the  same  ratio. 

We  have  arranged  the  cutting  speeds  and  feeds  at  those  which  we 
have  found  from  experience  do  not  distress  the  drills  or  cause  undue 
wear  and  breakage.  Where  all  the  conditions  are  favourable — that  is  to 
say,  when  you  have  a  homogeneous  clean  metal  to  drill,  a  rigid  machine, 
and  a  drill  running  true,  and  ground  so  that  both  lips  are  doing  equal 
work— much  higher  results  can  be  obtained  than  are  indicated  in  the 
above  table;  e.g.  we  have  repeatedly  drilled  a  J-in.  hole  through  a 
wrought-iron  block  aj  in.  deep  in  1  minute. 
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for  high  speed  steels—; 

-hardening. 

Making  Twist  Drills,— 'Hie  depth  of  groove  in  a  twist  drill 
diminishes  as  it  approaches  the  shank,  in  order  to  obtain  increased 
strength  at  the  place  where  the  drill  is  otherwise  generaily  broken. 

The  variation  of  depth  is  conditional,  depending  tnainly  on  the 
strength  it  is  desirable  to  obtain,  01  the  usage  the  drill  is  subject  to, 
as  in  different  classes  of  work. 

To  secure  variation  in  the  depth  of  the  groove  the  spiral  head- 
spindle  is  elevated  slightly,  depending  in  this  case  on  the  length  of  flute, 
for  which,  when  2  in.  or  less  in  length,  the  angle  may  be  J  degree ; 
2  to  5  in,,  f  degree  ;  5  in.  and  over,  i  degree.  This  is  generally  satis- 
factory in  this  respect  in  our  own  work,  as  the  drills  are  seldom  very 
long. 

When  large  drills  are  held  by  the  centres,  the  head  should  be 
depressed  in  order  to  diminish  the  depth  of  groove.  The  outer  end 
of  the  drill  is  supported  by  the  centre-rest,  and  when  quite  small  should 
be  pressed  down  firmly  as  illustrated,  Fig.  61,  until  the  cutter  has 
passed  over  the  end.  The  elevating  screw  of  this  rest  is  hollow,  and 
contains  a  smal!  centre-piece  with  a  vee  groove  cut  therein  to  aid  in 
holding  the  work  central.  This  piece  may  be  made  otherwise  to  adapt 
it  to  special  work. 

Another,  and  very  important,  operation  on  the  twist  drill  is  that  of 
"backing  off  "the  rear  of  the  lip  so  as  to  give  it  the  necessary  clearance. 
to  prevent  excessive  frictional  resistance. 

In  the  illustration,  Fig.  61,  the  bed  is  turned  about  half  a  degree. 
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as  for  cutting  a  right-hand  spiral ;  but,  as  the  angle  depends  upon  several 
conditions,  it  will  be  necessary  to  determine  what  the  effect  will  be  under 
different  circumstances. 

A  slight  study  of  the  figure  will  be  sufficient  for  this,  by  assuming 
the  effect  of  different  angles,  mills,  and  the  pitches  of  spirals.  The 
object  of  placing  the  hed  at  an  angle  is  to  cause  the  mill  E  to  cut  Into 
tbe  lip  at  C,  and  have  it  just  touch  the  surface  at  e. 

The  line  r  being  parallel  with  the  face  of  the  mill,  the  angular 


Fig.  6i. — Making  twist  drills. 

deviation  of  the  bed  is  clearly  shown  at  a  in  comparison  with  the  side 
of  the  drill. 

From  a  little  consideration  it  wil!  be  seen  that  while  the  drill  has  a 
positive  traversing  and  rotative  movement,  the  edge  of  the  mill  at  ^ 
must  always  touch  the  lip  a  given  distance  from  the  front  e<^e ;  this 
being  the  vanishing  point,  if  such  we  may  call  it.  The  other  surface 
forming  the  real  diameter  of  the  drill  is  beyond  the  reach  of  the  cutter, 
and  is  so  left  to  guide  and  steady  it  while  in  use. 

The  point  €  shown  in  the  enlarged  section,  Fig.  6i,  shows  where 
the  cutting  commences  and  its  increase  until  it  reaches  a  maximum 
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depth  at  c,  where  it  may  be  increased  or  diminished  according  to  the 

angles  employed   in   the    operation,  the    line    of  cutter   action    being 

represented  by  ii. 

Before  backing  'off,  the  surface  of  the  small  drills,  in   particular, 

should  be  oxidized  by  heating  until  it  assumes  some  distinct  colour. 

The  object  of  this  is  to  clearly  show  the  action  of  the  mill  on  the  lip  of 

the   drill,  for  when   satisfactory  a  uniform  streak  of  oxidized  surface 

from  the  front  edge  of  the  lip  back  is  left  untouched  by  the  mill,  as 
represented  by  the  cut  at  /.  It  is 
found  a  great  advantage  to  grind 
drills  after  they  are  hardened,  as 
they  can  be  made  to  run  true 
with  the  shank.  If  tapered  back 
about  o'oo3  in.  in  6  in.,  it  will 
be  found  that  this  clearance  will 
cause  them  to  run  better.  To 
grind  the  drill  it  is  necessary  to 
make  it  with  a  60°  point,  as 
shown  in  Fig.  61,  so  that  it  wilt 
run  in  a  countersunk  centre. 
After  grinding,  this  point  can  be 
ground  off  when  the  drill  is 
sharpened.  It  is  sometimes  pre- 
ferred to  use  left-hand  cutters, 
so  that  cut  will  begin  at  the 
shank  end. 

Grinding  Twist  Drills.— In 
addition,  the  following  is  ap- 
pended as  having  been  taken 
from  the  best  practice : — 

If  the  clearance  of  a  drill  is 
insufficient  or  imperfect,  it  will 
not  cut.  When  force  is  applied, 
it  resists  the  power  of  the  drilling 
machine,  and  is  crushed  or  split. 
It  is  well  to  start  a  drill, 
after  grinding,  by  hand,  observ- 
ing the  character  of  the  chips, 
which  should  characterize  a 
■e  drilling  clean-cutting  tool.  In  wrought 
metal  the  chip  will  sometimes 
attain  a  length  of  several  feet. 
Drills,  properly  made,  have  their  cutting  edges  straight  when  ground 

to  a  proper  angle,  which  is  59°. 

Grinding  to   less   angle    leaves   the   lip  hooking,  and  is  likely  to' 

produce  a  crooked  and  irregular  hole. 

The  grinding  lines  to  a  drill  are  placed  slightly  above  the  centre 

to  allow  for  the  proper  angle  of  point,  which  is  an  important  factor. 

This  angle  is  an  index  to  the  clearance. 
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If  the  angle  is  too  much,  the  drill  cuts  rank.  If  not  enough,  the 
drill  may  not  cut. 

Hi^h-Bpeed  Sensitiye  Drilling  Attachment.— Work  of  large  dimen- 
sions requiring  to  be  drilled  with  very  small  drills  cannot  be  taken  to 
a  small  machine.  To  do  the  work  in  a  lai^e  machine  is  not  satis- 
factory, owing  to  the  comparatively  low  speed  the  machine  spindle 
revolves  at.  Fig,  63  is  an  appliance  which  may  be  attached  to  the 
drilling-machine  spindle  in  the  same  manner  as  an  ordinary  drill. 

By  an  arrangement  of  gearing  inside,  the  speed  of  the  little  chuck 
is  multiplied  four  times.  There  is  also  a  device  which  can  be  adjusted 
so  that  the  drill  and  chuck  will  stop  instantly  should  the  drill  meet  with 
any  undue  strain,  thus  preventing  it  from  breaking. 

The  feeding  is  accomplished  by  the  usual  arrangement  on  the  machine, 
or  by  the  lever  shown  at  the  right  of  the  attachment. 

The  rod  extending  to  the  side  of  the  column  is  to  prevent  the  whole 
attachment  from  revolving. 

Twist  Drill  with  Oil  Tube  (Fig.  63).— Twist  drills  with  oil  tubes 
are  used  in  high-speed  drilling  in  ordinary  and  turret  lathes. 

The  end  of  the  shank  is  bored  out,  and  the  ends  of  the  oil  tubes 
enter  the  bottom  of  the  "  chamber "  so  formed ;  a  collet,  or  sleeve,  fitting 


Fig.  63.— Oil-lube 


the  holes  in  the  turret  head,  is  slipped  over  the  shank,  each  size  of  drill 
requiring  its  own  collet,  or  special  drills  with  shanks  to  fit  a  given  turret. 
An  oil  pipe  is  passed  through  the  top  and  middle  of  the  turret  down 
into  a  chamber  reaching  the  shank  of  the  drill,  and  by  means  of  a  small 
pump  the  oil  is  forced  into  this  chamber,  and  out  through  the  tubes, 
which  run  along  the  drill  to  the  cutting  lips,  enabling  the  drill  to  do 
a  great  deal  more  work  than  by  the  old  practice. 

The  drill  remains  stationary,  and  the  work  should  revolve  at  a  high 
rate  of  speed. 

Oil-feeding  Socket  for  Drilling*  Machine  (Fig.  64). — A  constant 
stream  of  oil  is  carried  to  the  cutting  lips  of  the  drill,  and  prevents  its 
heating  or  sticking  in  the  hole.  The  drill  can  be  run  at  a  higher  rate 
of  speed,  and  requires  sharpening  less  frequently.  It  is  necessary  to 
hang  a  bucket,  with  a  stop-cock  near  the  bottom,  over  the  drilling 
machine,  and  connect  it  with  a  tube  on  the  side  of  the  socket ;  the  collar 
should  be  held  stationary  by  screwing  on  to  it  a  piece  of  ^in.  gas-pipe, 
and  letting  the  pipe  rest  against  the  column  of  the  machine. 

The  oil  is  conveyed  through  channels  in  the  collar  and  in  the  body 
of  the  socket,  into  the  orifices  in  the  shank  of  the  drill,  and  so  through 
the  tubes  of  the  drill  to  the  point.  The  sockets  are  bored  to  the 
standard  taper. 

Facing  Tool  worked  by  Hand.— Fig.  65  is  a  small  appliance  for 
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facing  the  underside  of  bosses  or  other  seatings  for  bolt  heads  and  nuts. 
It  will  be  seen  that  the  screw  is  adapted  for  various  thicknesses  of  metal, 
the  adjustment  being  effected  by  means  of  the  washer  and  nut. 

The  cutter  rides  on  a  key,  and  as  the  work  proceeds  the  nut  is 
tightened  until  the  facing  is  "  tooled  up."  A  double-ended  tap-wrench 
is  used  to  rotate  the  screw.  Such  work  but  on  smaller  pieces  which 
can  be  easily  moved,  are  drilled  and  faced  at  the  ordinary  drilling 
machine,  with  a  left-hand  cutter.     Where  it  is,  however,  not  convenient 


Fig.  64.— Oil-tube  socket.  Fig.  65. — Facing  lool  worked  by  hand. 

to  move  heavy  castings  to  the  machine,   this  appliance  (Anderson's 
Patent)  serves  a  good  purpose. 

Payton'a  Patent  Univeraal  Uachlne  Tapper. — The  instrument 
shown  in  Figs.  66,  67,  68,  is  for  drilling  and  tapping  holes,  and  for 
fixing  studs  in  the  same,  This  "  machine  tapper  "  is  designed  to  take 
taps  up  to  1  in.  diameter.  The  shank  is  fitted  to  the  machine  spindle, 
and  the  drill,  tap,  or  stud  holder,  is  carried  by  the  chuck  at  the  opposite 
end,  as  shown. 
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The  drill  stock  is  secured  in  the  chuck  by  a  spring.  When  the 
appliance  is  working,  the  safety-spring  is  employed,  which  would  yield 
to  any  obstacle,  and  so  prevent  the  drill  or  tap  breaking.  After  the  hole 
is  drilled  and  tapped,  say,  in  a  cylinder  flange,  a  stud  may  be  insetted 
in  the  stock,  and  screwed  into  its  place.  The  advantage  is  consider- 
able, the  tapping  is  reliably  straight  with  the  hole,  and  of  course  the 
stud  follows  exactly  the  lapping;  many  studs  can  be  put  in  place  in 


Figs.  66,  67,  68. — I'jyton's  patent  universal  machine  tappers. 

this  manner  in  less  time  than  was  formerly  occupied  by  two  men  in 
fixing  one  stud. 

Messrs.  Smith  &  Coventry,  Manchester,  make  another  kind  (Figs. 
69, 70),  called  Peam's  "  Lightning  "  Tapper.  This  is  made  with  a  taper 
shank  to  fit  any  drill  or  screwing  machine  either  working  vertically  or 
horizontally. 

Advatitages. — It  is  claimed  that  all  holes  are  tapped  to  one  depth, 
straight,  and  alike,  without  any  risk  of  taps  breaking.     Fig.  68  shows 
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Fig.  ■ 


)  shows  the 


the  yielding  coupling  driving  and  starting  to  tap. 

yielding  coupling  slipping  when  the  hole  is  tapped. 

Construction. — When  different-sized  taps  are  to  be  used,  adjustment 

is  made  by  screwing  or  unscrewing  the  nut  at  the  top  of  the  spring. 
This  gives  the  necessary  pressure  power 
to  the  spring  to  drive  the  taps,  hut  also 
leaves  it  free  to  yield  before  breaking 
the  tap 

One  tap  only  is  required  for  each  size 
up  to  \\  in  ,  above  i^  in.  two  taps  are 
supplied. 


Fius.  69,  70. — Machine  tappers. 


Grip  Socket  for  Taper 
Shank  Drills.— Figs.  71,  72 
illustrate  a  grip  socket  for 
taper-shank  twist  drills.  To  ■ 
prevent  the  strain  being  put 
entirely  on  the  tang,  a  groove 
is  milled  in  the  shank  of  the 
tool,  deepest  at  the  large 
end,  so  that  the  bottom  of 
the  groove  has  a  taper,  the 
reverse  of  that  of  the  outside 
of  the  shank. 

A  key  in  the  socket  fits 
the  groove,  and  when  the 
tool  is  put  in  place  a  turn 
of  the  eccentrically  counter- 
bored  collar,  shown  in  the 
cut,  locks  the  key  in  place. 
The  tool  cannot  turn  in  the 
socket  or  be  removed  until 
the  collar  is  turned  back 
again,  and  the  key  released. 

Portable  Drilling  Appli- 
anoOB. — Portable  drilling  applia 


Figs.  71,  72.— Grip  sockels. 

i  have  been  much  improved  by  the 
drill-holders  being  constructed  to  take  in  drills  similar  to  those  used 
in  a  modern  driUing  machine.  In  Figs.  73,  74  two  views  are  shown 
of  breast  drills,  each  having  a  self-centering  two-jaw  chuck  with  jaws 
removable,  so   that  small   pin  drills  may  be  carried  when    required. 
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A  and  B  show  two  types  of  jaws,  A  being  used  for  small  drills,  B 
having  coarser  teeth  for  the  larger  sizes. 

A  spanner  is  not  wanted  to  fasten  the  drill  in  place.  The  octagonal 
nut  D,  being  a  counterpart  of  the  jaws  A  and  B,  gives  sufficient  grip  to  the 
drill  when  screwed  by 
hand.  Another  feature 
is  that  there  is  no 
wabbling  in  this  type, 
and  for  many  purposes 
true  running  is  essential. 
Since  all  the  pressure 
required  to  do  the  work 
of  feeding  and  rotating 
the  drill  has  to  be  put 
in  the  appliance  by  the 
operative,  only  holes 
of  small  diameter  are 
drilled  in  this  way. 
Instead  of  this,  a  bow 
drill  is  sometimes  used, 
and    it   has   one    good 


feature,  a  man  can  get  close  over  his  work  to  drill  it     This  however 
only  refers  to  very  small  holes. 

The  ratchet  brace  shown  in  Fig.  75  is  a  very  useful  tool  for  drilling 
holes  in  awkward  places,  where  a  power  drill  could  not  be  used,  and  in 
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heavy  work  which  would  be  costly  to  shift  and  fix  under  a  drilling 
machine.     It  is  light,  and  quickly  rigged,  wherever  a  plate  or    other 
support  can  be  found   to  receive  a  centre  hole  into  which  the   steel 
point  of  the  socket  screw  may  be  located.     The  construction    of  the 
brace    is    partly   to  view   in    the 
figure.     The    arm    may    be     dis- 
jointed near  its  centre,  thus   mak- 
ing the  appliance  more  compact 
when  drilling  in  cramped  places. 
the  "  socket "  a  spiral  spring  is  inserted, 
is  a  good  introduction ;  by  its  use   the 
s'not  only  more  steadily  fed,  but  it  would 
"  out  when  the  drill  is  finishing,  and   con- 
when  passing  through  any  harder  metal, 
ncreasing  the  life  of  the  drills, 
rtary    Engine. — The    above    appliatice 
ts  of  a  small  rotary  engine,    connected 
all  steel  gears  with  a  drill   spindle,    the 
>f    which    is   a   taper   socket    (Fig.     76), 
3ol  is  fastened  to  the  work  to  be  drilled 
same  manner  as  a  ratchet  drill, 
has  a  capacity  to  drill  holes  from  §  in. 
in.   diameter.      The  power  to  run    this 
nay    be  steam  or   compressed  air ;    the 
for  the  different-size  drills  is  regulated 
!  feed-valve  and  feed-screw, 
>ed  as  a  reamer,  the  weight  of  the   tool 
i    the  reamer    through    when    operated 
itly,  and  only  a  slight  pressure  is  needed 
operated  horizontally.  ' 

)nnection   between  the  end   of  the   air    I 
:  steam  pipe  and  the  drill  is   made   by     | 

.  of  a  ^in.  steam  hose.      The  length  of    1 

Fig.  75.— Ratchet  brace,   this   hose    determines  the  area  within  which 

the  drill  can  be  operated,    Thus,  a  hose  fifty     ' 
feet  long   wi!l    allow  drilling    at   any  point  in  a  circle  of  100  ft.    in 
diameter. 

These  portable  drilling  appliances  are  convenient  in  bridge  and 
ship  building,  also  in  boiler  shops. 

On  Drilling  Hachines.     Gtneral  Remarks. — Drilling  machines  are     ■ 
of  two  kinds,  viz.  those  in  which  the  work  has  first  to  be  correctly 
located  to  suit  the  drill,  and  those  in  which  the  drill  is  moved  to  suit 
the  work. 

Sensitive  Drill. — In  the  former  class  are  included  sensitive  drills,     ' 
these  being  engaged  exclusively  on  making  small  holes.  1 

Pillar  and  Bench  Type. — In  this  class  of  machines  may  be  found 
pillar  and  bench  drilling  machines  respectively.  A  small  self-centering 
chuck  is  generally  carried  at  the  end  of  the  drill  spindle  to  suit  twist 
drills  having  parallel  shanks. 
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Ungeared  Machines. — "  Ungeared,"  or,  as  they  are  frequently  called, 
"  single-geared  machines,"  means  that  the  machines  are  belt-driven. 

(reared  Machines. — "Geared"  or  "compound-geared,"  means  that 
there  is  a  set  of  gears  which  may  be  used  to  reduce  the  speed  of  the 
drill  spindle  when  large  holes  are  to  be  made. 

In  the  latter  class  the  work  is  generally  of  large  dimensions, 
rendering  it  inconvenient  to  locate  it  exactly  beneath  the  point  of  the 
drill. 

Vertical  Drilling  Maehine. — Vertical  machines  fitted  with  movable 


FfG.  76. — Rotary  engine  for  drilling. 

tables,  i.e.  tables  moved  by  means  of  screws  and  slides.  All  the  above 
machines  require  that  the  line  of  the  work  to  be  drilled  shall  be  placed 
precisely  under  the  axial  line  of  the  drilling  spindle. 

Universal  Drilling  Machine. — A  universal  drilling  machine  carries 
a  spindle  which  can  be  swung  into  any  part  of  a  circle ;  that  is  to  say, 
a  hole  can  be  drilled  by  one  of  these  machines  in  any  conceivable 
position. 

Radial  Drilling  Machine. — A   radial  drilling  machine   carries  the 
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drill  spindle  on  a  slide  which  is  movable  along  an  ann,  and  the  arm 
movable  on  an  axis  fixed  vertically. 

The  arm  can  generally  be  swung  through  the  greater  part  of  a 
circle. 

Qaxig  Drilla.— "  Gang  drills  "  is  a  teim  given  to  a  series  of  similar 
machines  placed  in  alignment,  and  each  receiving  power  from  the  same 
driving  shaft 

£ach  machine  is  actuated  by  independent  stopping  and  starting 
gear. 

This  arrangement  proves  to  be  very  satisfactory  in  several  respects ; 
considerably  less  room  is  required  by  thus  grouping  the  machines ;  and 
a  further  advantage  is  that,  parts  of  machines  requiring  to  be  drilled  in 
several  places,  the  drills  need  not  be  changed  so  frequently,  since  the 
work  can  be  passed  along. 

In  this  way  a  great  number  of  parts,  required  in  the  small-arms, 
sewing-machine,  and  cycle  trades  can  he  treated  with  ease  and 
dispatch. 

Many  of  the  holes  are  extremely  particular ;  these  are  drilled  through 
a  "jig,"  which  practice  will  be  shortly  explained.  Less  important  holes 
are  drilled  direct  without  a  guide. 

Multiple  drilling  machines  are  also  constructed  to  operate  simul- 
taneously on  the  same  piece  of  work,  fiy  this  arrangement  a  series  of 
holes  can  be  made  at  a  set  distance  apart,  and  on  a  given  straight  line. 
The  distance  between  the  holes  can  be  varied,  but  the  alignment  is 
unalterable. 

Another  type  of  "multiple  drill"  is  used  in  the  boiler  shop.  These 
are  used  in  drilling  the  transverse  and  longitudinal  seams  in  cylindrical 
boilers.  The  spindles  are  arranged  in  two  or  three  groups  of  five,  each 
carried  by  brackets  on  heavy  columns,  the  columns  being  adjustable 
along  the  machine  bed,  each  column  being  provided  with  an  electric 
motor  for  moving  it  along  the  bed,  and  each  bracket  has  a  motor  for 
operating  the  drills. 

There  are  many  other  instances  of  multiple  drilling ;  in  fact,  these 
machines  are  being  constructed  in  a  variety  of  forms  to  suit  modern 
requirements. 

Sensitive  Drilling  Hachiues. — A  sensitive  drilling  machine  is  one 
in  which  the  progress  of  the  drill  is  felt  or  known  as  the  feed  is 
imparted.  These  machines  are  usually  void  of  wheel  gearing,  and  are 
fed  by  hand. 

A  lever  directly  actuates  the  drill  spindle,  which  is  well  seen  in 
Fig.  77. 

By  moving  the  lever  the  spindle  is  at  once  made  to  descend,  and 
any  obstacle — such,  for  instance,  as  a  hard  or  soft  place,  i.e.  a  blow-hole 
— is  at  once  detected. 

There  is  a  decided  advantage  when  drilling  small  accurate  work  to  feel 
the  progress  of  the  drill,  especially  when  the  point  of  the  drill  has  passed 
through  the  work ;  then  it  is  that  the  feed  is  required  to  be  given  most 
carefully.  This  progress  has  to  be  ascertained  in  the  larger  and  geared 
machines,  either  by  measuring  the  distance  through  which  the  drill  has 


Dcinz.aoy  Google 


DRILLS  AND  DRILLING  MACHINES.  71 

passed,  or,  where  practicable,  looking  or  feeling  for  the  point  of  the  drill 
as  it  cuts  its  way  through  the  under  side  of  the  work. 

The  spindles  of  the  "  pillar"  type  are  balanced,  as  is  also  the  table 
of  the  machine.  The  machine  carries  its  own  countershaft,  and  is  thereby 
self-contained.  It  will  also  be  noticed  that  there  are  few  parts  likely  to 
get  out  of  order,  and  by  driving  in  the  manner  shown,  smooth  running, 
so  desirable  for  fine  work,  is  ensured. 

A  bench  sensitive  drilling  machine  is  given  in  Fig.  7SJ  this  has  a 
fixed  table  and  an  independent  overhead  motion,  but  in  other  respects 
is  much  similar  to  Fig.  77. 

Geared  Drilling  Hachine. — Another  type  of  drilling  machine  is  one 
in  which  the  table  has  capacity  to  rise  and  fall,  or  to  move  transversely 


Fig.  77.— Sensitive  pillar  drill.  Fig.  78.— Sensitive  bench  drill. 

or  longitudinally  on  compound  slides.  In  this  form  the  slides  are  con- 
venient, as  by  their  use  the  most  accurate  work  can  easily  be  set  centrally 
with  the  drill  spindle,  instead  of  the  troublesome  method  necessary  to 
fixed- table  drilling  machines. 

The  large  hand-wheel  shown  in  Fig.  79  operates  the  worm  and 
worm-wheel ;  on  the  axis  of  the  latter  a  pinion  is  keyed,  which  meshes 
with  a  rack  shown  in  the  centre  of  the  vertical  slide.  Thus,  by  rotating 
the  hand-wheel,  the  knee  carrying  the  table  is  made  to  rise  or  fall  as 
required.  When  it  is  more  convenient,  the  base  plate  supports  the 
work ;  the  table  being  swung  on  its  hinge  out  of  the  way,  leaves  a  clear 
space.  Then,  of  course,  the  work  has  to  be  set  precisely  in  alignment 
with  the  spindle  and  drill. 
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':  79-— Geared  drilling  machine. 
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Belt-driven  Eadial  Drilling  Machine.  Gearing  on  Spindk.—T^ie 
drilling  machine  illustrated  in  Fig.  80  is  belt-driven,  with  back  gear 
direct  on  the  drill-spindle. 

This  method  of  driving  is  now  being  adopted,  it  being  generally 
acknowledged  as  a  good  system. 

Advantages,  r.  Ease  in  drilling  Small  Holes.— The  advantages 
claimed  are,  that  it  admits  of  the  machine  being  used  for  small  holes 
under  the  best  conditions,  viz,  high  speed  without  gear,  also  that  less 
power  is  absorbed  for  drilling  or  boring  large  holes,  as  the  power  is 
multiplied  at  the  spindle  instead  of  at  the  first  driver. 

2.  Driving  Power  less  when  geared  direct.— ^^^  arm  carrying  the 
cross  slide  is  hinged  to  swing  over,  to  suit  work  secured  to  the  base 
plate,  or  when  it  is  secured  to  the  side  of  the  table. 

Rise  and  Fall  of  Table. — The  table  has  a  rising  and  falling  motion. 
This  feature  renders  the  machine  very  useful  where  a  general  class  of 
work  has  to  be  drilled  on  the  table,  as  well  as  heavy  pieces  requiring 
the  use  of  a  pit  in  which  to  lower  them. 

Saddle  Traverse.— The  saddle  is  moved  along  the  arm  by  means  of 
a  worm  and  hand-wheel,  or  it  may  be  moved  rapidly  without  the  hand- 
wheel,  except  for  short  adjustment. 

Ball  Bearings. — The  thrust  on  the  spindle  end  is  taken  by  ball 
bearings  to  reduce  the  friction. 

Tapping  Arrangement. — When  tapping  is  to  be  done,  the  position 
of  the  gears  is  changed,  so  as  to  reverse  the  direction  of  the  drill 
spindle. 

Tension  an  Belt — The  driving  belt  for  the  spindle  is  kept  in  tension 
by  a  spring  acting  on  the  idler  pulley  at  the  outer  end  of  the  arm. 
The  machine  is  by  the  Anglo-American  Machine  Tool  Co. 

Badial  Drilling  Machine. — Fig.  81  represents  a  radial  drilling 
machine  of  the  universal  type.  The  column  carrying  the  drill  arm  will 
rotate  through  a  complete  circle. 

These  machines  are  convenient  for  drilling  and  boring  large  pieces 
of  work  which  it  is  difficult  to  move  about.  Such  work  is  placed  either 
in  a  pit  at  one  side  of  the  machine  or  upon  a  floor  plate. 

The  drilling  head  is  carried  on  the  end  of  the  radial  arm  in  such  a 
manner  that  the  spindle  may  be  set  in  a  horizontal  plane,  a  vertical 
plane,  or  a  plane  inclined  at  any  angle  to  the  surface  of  the  table,  or  it 
may  be  swung  to  any  angle  in  either  plane.  The  radial  arm  is  adjustable 
in  height  above  the  table  up  to  4  ft. 

These  features  enable  the  machine  to  drill  holes  in  almost  any 
conceivable  position  within  the  space  covered  by  the  limits  of  travel. 

The  machine  is  driven  by  a  vertical  sliaft  passing  through  the  centre 
of  the  column,  carrying  on  its  upper  end  pulley  or  bevil  gears  as  may 
be  required  by  the  location.  The  column,  15  in.  diameter,  is  mounted 
on  a  table  6  ft.  in  diameter  and  30  in.  high,  which  is  considered  a 
convenient  height  for  holding  work. 

The  cone  pulleys  driving  the  machine  are  not  in  view,  being  carried 
on  the  opposite  side  of  the  radial  arm.  The  arm  is  adjustable  hori- 
zontally by  hand,  but  is  raised  or  lowered  by  power  or  by  hand. 
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Fig.  So,— Bell-driven  radial  drill. 
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The  extreme  radius  of  the  drill,  measured  from  centre  of  column, 
is  8  ft. 

Figs.  8a,  83,  84,  show  the  drill  spindle  in  various  positions.  The 
machine  is  by  Wm,  Sellers  &  Co.,  Philadelphia. 

Drilling  Jiffs,  Consh-ueiion  and  Use. — A  drilling  jig  consists  essen- 
tially of  a  pattern  plate,  provided  with  one  or  more  holes. 


Fic.  81. — Universal  radial  drilling  machine. 

Ground  Bushings  of  Hardened  Steel. — It  is  the  practice  to  correctly 
locate  the  pattern  holes  in  the  jig  plate,  and  to  fit  each  hole  with  a 
bushing  of  hardened  steel. 

The  bushes  are  carefully  finished  by  grinding  the  external  and 
the  internal  surfaces  to  correct  size  by  the  aid  of  small  emery  or 
corundum  wheels. 


Dcinz.aoy  Google 


76        MACHINE    TOOLS  AND    WORKSHOP  PRACTICE. 

Corrrci  Pattern  kept  for  Reference. ^-'^^i&w  a  jig  plate  has  been 
prepared  and  satisfactorily  finished,  it  may  then  be  used  with  care, 
as  a  guide  through  which  the  holes  in  other  pieces  can  be  drilled, 
tapped,  or  reamed,  as  the  case  may  be. 

When  one  piece  of  work  has  been  made,  and  the  location  of 
the  holes  is  satisfactory 
in  every  respect,  such  a 
piece  is  best  kept  for 
purposes  of  reference. 

Drill  Shanks  all  made 
alike  to  Gauge.— The  best 
way  to  use  a  drilling  jig 
is  to  have  all  the  drill 
shanks,  reamer  shanks, 
and  cutter-bar  shanks, 
made  exactly  alike  in 
dimensions. 

Bushes  ft  One  Gauge. 
— In  this  case  the  bush- 
ings are  accurately  ground 
to  fit  oite  standard  gauge, 
whatever  sizes  the  holes  to 
be  drilled  may  be. 

Tool  Edges  preserved. 

Fig.  82.  — By  adopting  the  above 

arrangement    the   cutting 

edges  of  all  the  tools  are  considerably  preserved,  because  they  do 

not  come    in  contact  with  the   hardened    walls   of  the  holes  of  the 

bushings,  as  is  obviously 

the  case  when  the  bushes 

are   bored    to   the    same 

diameter  as  the  finished 

holes  in  the  work. 

Steady  Bearing.  —  A 
further  important  advan- 
tage is,  that  when  at  work 
the  drills  and  reamers 
are  kepi  perfectly  steady, 
owing  to  the  good  fitting 
contact  between  the  en- 
larged portion  on  the  drill 
shank  and  the  hushes. 
PiQ  g.  Lubrication  and  Clean- 

liness.— This  perfect  slid- 
ing contact  is  preserved  by  the  careful  use  of  a  lubricant,  and  by 
keeping  the  parts  quite  clean. 

Uniformity  in  Product.— \Ne  have  seen  a  number  of  machines 
working  on  this  system  with  most  excellent  results.  The  holes  drilled 
and  reamed  were  alike  to  j^  of  an  inch  ;  each  article  was  pierced  with 


Dcinz.aoy  Google 


DRILLS  AND  DRILLING  MACHINES.  77 

a  number  of  different-sized  holes,  each  hole  serving  as  a  bearing  for  an 

axle  or  a  shaft,  the  latter  being  finally  fixed  in  place  without  adjustment 

ever  being  necessary. 

Where    the  above  system  is  not  practised,  there  are  various-sized 

bushes  used  on  the  same  jtg  plate,  i.e.  each  bush  is  ground  to  one 

standard  diameter;  but  bars,  reamers,  and  drills,  of  different  diameters 

have  their  own  respective  bushes.     It  will  therefore  be  clear  that  a 

considerable  number  of  different-sized  bushes  are  necessary,  and  since 

they    have    to    be    frequently 

removed     and    others   substi- 
tuted, there  is  a  risk  of  fracture 

and  an  increase  of  wear. 

The  length  of  these  bushes 

is    about     one    and    a     half 

diameter  of  the  hole ;  and  the 

space  between  the  under  side 

of  the  bush  and  the  top  side 

of  the  work  is  made  as  little 

as  is  practicable.     In  this  way 

the    steadiness    of    the    tools 

when  cutting  is  ensured. 

When    holes    have    to   be 
made  at  set  angles  to  other 

holes    or   surfaces,    there   are  Fio.  84. 

two    niethods    of    doing    the 

work.  Either  the  jig  plate  swings,  or  the  drill  spindle.  In  the  former 
case  there  is  generally  a  stop,  against  which  the  swing  jig  is  turned 
to;  while  in  the  latter  case  the  swing  head  of  the  drilhng  machine  is 
turned  over  to  the  correct  angle,  as  indicated  by  the  marking  which 
is  shown  in  degrees  on  the  rim  of  the  turning  joint. 

Right-hand  and  left-hand  brackets,  when  used  to  support  the  opposite 
ends  of  spindles  or  shafts,  may  be  drilled  and  reamed,  while  clamped 
between  two  jig  plates.  Each  plate  carries  a  separate  set  of  bushes, 
and  after  the  work  has  been  machined  on  one  side,  the  jig  is  simply 
reversed  with  the  underside  turned  uppermost.  Thus  two  plates  may 
be  held  in  one  jig  without  removal  while  they  are  drilled,  reamed, 
milled,  and  profiled  respectively. 
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CHAPTER   V. 

TURRET  LATHES. 

Turret  lathes  are  now  made  in  all  sizes,  from  the  smallest,  operating 
on  minute  watch  screws  and  studs,  to  the  largest,  now  suitable  for  the 
work  in  a  general  engineering  workshop. 

A  representative  type  of  machine  for  doing  lathe  work,  particularly 
that  class  coming  between  \  in.  and  2  in.  diameter,  and  less  than  24  in. 
loi^,  is  here  given  in  detail :  The  Hartness  Flat  Turret  Lathe,  made  by 
The  Jones  and  Lamson  Machine  Co.  (Fig.  86). 

This  lathe  differs  from  other  turret  lathes  principally  in  the  form 
of  its  tool  carriage  and  its  tools;  the  tunet  is  a  flat  circular  plate, 
mounted  on  a  tow  carriage,  containing  controlling  mechanism.  . 

An  important  feature  lies  in  the  manner  the  turret  is  connected  to 
the  carriage,  and  the  carriage  to  the  bed ;  for  unless  these  are  perfectly 
rigid,  they  will  not  afford  perfect  control  of  the  cutting  tools. 

By  referring  to  Fig.  87  it  will  be  seen,  in  this  enlarged  view  of  the 
turret,  that  the  base  on  which  the  various  holders  are  secured  is  of  large 
diameter.  This  is  one  Of  the  distinct  features  of  the  machine.  This 
base  is  scraped  and  padded  to  its  seating  on  the  carriage,  and  is 
secured  by  an  annular  gib. 

In  a  similar  manner  the  carriage  is  fitted  to  the  vee's  of  the  bed, 
but  in  this  case  the  gibs  pass  under  the  outside  edge  of  the  bed, 
the  breadth  of  this  bridge  from  V  to  V  being  sufficient  to  form  an 
unyielding  support  to  the  tools. 

A  fiirther  advantage  is  obtained  by  having  the  turret  fiat,  since  the 
indexing  mechanism  can  be  located  with  the  index  pin  directly  under 
the  working  tool  so  close  as  to  permit  no  loss  of  motion  between  the 
tool  and  the  locking  pin. 

Haitness  Plat  Torret  Lathe. — The  turret  is  turned  automatically 
to  each  position  the  instant  the  tool  clears  the  work  on  its  backward 
travel,  and  it  is  so  arranged  that,  by  raising  and  lowering  the  trip  screws 
near  the  centre  of  the  turret,  it  may  be  turned  to  three,  four,  or  five  of 
the  six  places  without  making  any  other  stop. 

The  power  feed  for  the  carriage  is  actuated  by  a  worm  shaft,  the 
worm  being  held  into  the  wheel  by  a  latch  which  is  disengaged  by 
the  feed  stops. 

There  are  six  feed  stops,  each  being  independent  and  adjustable. 
These  stops  are  notched,  flat  bars  placed  side  by  side  on  the  top  of 
the  bed.     The  lever  in  Fig.  88  actuates  the  tool  slide. 
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The  headstock  is  necessarily  squat  to  mate  the  turret,  and  is  mounted 
on  the  bed,  beneath  which  a  box-shaped  leg  is  placed,  so  as  to  give  as 


[ 


rigid  a  support  as  possible.    Too  much  attention  was  formerly  given 
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to  elegance.  This,  however,  is  not  the  case  to-day,  hence  the  solid 
and  rigid  appearance  of  the  turret  lathe  above,  which  shows  a  proper 
balancing  of  parts. 

The  spindle  is  ground  to  size,  and  fitted  in  phosphor-bronze  bear- 
ings. The  spindle  is  made  hollow  to  2\  in.  diameter.  It  carries 
externally  a  cone  and  a  large  gear,  called  the  front  gear  wheel  (not 
seen  in  the  figure,  owing  to  the  hood). 

The  back  gear  is  placed  below  the  cone  in  the  head,  and  a  triple 
gear  is  (sometimes)  placed  beneath  this. 

The  regular  back  gear  gives  a  4  to  i  proportion,  but  the  triple 
makes  it  16  to  i. 

The  triple  gear  is  used  for  all  screws  above  i^  in.  diameter,  and  in 
chucking  work  of  laige  diameter. 

The  die  carriage  carries  a  die  of  any  desired  kind,  and  a  pointer 
for  shaping  the  end  of  a  sha^  or  bolt,  or  the  same  tool  may  be  used  as 
a  turner  when  reducing  the  stock. 

The  carriage  is  mounted  on  a  sliding  bar,  and  is  arranged  to  swing 
into  working  position. 

The  head  is  driven  through  a  triple  friction  counter  shaft,  on  which 
shaft  the  pulleys  are  provided  with  extended  bosses,  so  as  to  distribute 
equally  the  "pull  of  the  belt"  over  the  entire  bearing  on  the  shaft. 
The  principal  tool  used  is  called  the  "turner"  (Fig.  89).  It  consists 
of  a  frame  holding  a  cutter,  and  a  back  rest  or  guide  for  the  work. 
There  are  three  forms  of  these  "turners"  in  the  most  commonly  used 
outfits,  but  the  same  distinctive  feature  may  be  found  in  each.  The 
cutter  in  Fig.  90  is  i  in.  by  ^  in.  rough  steel.  It  is  held  in  a  pivoted 
tool-box  which  is  accurately  fitted  to  a  frame,  which  in  turn  is  firmly 
secured  to  the  upper  surface  of  the  turret.  The  adjusting  screw  for 
effecting  the  size  of  the  work  acts  on  the  tool  block.  Any  size  may 
be  turned  from  o  to  z  in.  after  the  tool  has  been  fitted. 

A  cam  is  provided  for  withdrawing  the  tool  to  prevent  its  marking 
the  work  in  running  off  after  having  completed  its  cut.  The  top 
surface  of  the  turret  is  only  3  in.  distant  from  the  centre  of  the  work, 
thus  making  it  possible  to  give  the  most  rigid  control  of  the  cutting 
tool.  The  back  rests  are  designed  for  quick  setting,  and  may,  by 
use  of  the  latch,  be  withdrawn  to  pass  over  large  diameters  to  begin  a 
cut  at  any  f)art  of  the  work.  The  left-hand  turner  cuts  with  the  back- 
ward motion  of  the  lathe,  and  feeds  from,  instead  of  towards,  the 
chuck.  In  the  use  of  this  "turner"  both  the  cutter  and  back  rests 
are  withdrawn  to  pass  over  the  work  to  reach  its  starting-point  at 
the  chuck.  Since  the  left-hand  turner  starts  its  work  very  close  to 
the  chuck,  slender  work,  being  thus  supported,  may  be  accurately 
turned. 

The  cross  slide  (Fig.  88)  is  made  in  a  compact  form,  and  the 
sliding  block,  closely  fitted  and  gibbed  to  its  base,  is  bolted  securely 
to  the  turret.  A  long  lever  and  a  small  pinion  and  rack  furnish  means 
for  feeding  the  cross  slide  tools.  The  tool  holder  will  admit  drills, 
reamers,  taps  (or  holders  to  receive  them).  The  taper  turner  is  adapted 
for  long  tapers  and  other  forms  of  varying  diameters.     These  variations 
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of  diameter  are  produced  by  a  templet  or  former,  which  acts  upon  the 
tool-block,  causing  it  to  swing  in  or  out  of  the  work. 

The  back  rests  may  be  arranged  to  precede  or  follow  the  cutter. 
When  the  work  is  being  made  from  the  bar,  the  back  rest  must  precede 
the  cutter ;  but  when  taper  bolts  are  to  be  turned  from  bolt  forgings, 
then  the  back  rest  may  follow  the  cutter, 

The  work  is  held  in  the  wabble  chuck,  which  is  especially  designed 
for  this  purpose.  This  chuck  allows  a  free  lateral  movement  of  the 
outer  end  of  the  work,  and  rigidly  supports  only  the  head  end,  which 
it  grips,  and  then  acts  as  a  driver  and  universal  joint  or  centre. 

The  automatic  chuck  and  roller  feed  handle  the  rough  bars  of  round, 
square,  octagon,  hexagon,  and  flat  stock,  presenting  a  new  length,  and 
gripping  it  while  the  machine  is  running. 

The  automatic  chuck  is  one  of  the  essential  features  of  the  machine 
in  its  equipment  for  turning  work  from  full  lengths  of  bars.  Its  firm 
grip  gives  a  rigid  presentation  of  the  work,  which  is  of  paramount 
importance.  This  chuck  is  only  used  in  connection  with  the  roller  feed, 
which  will  shortly  be  described.  Next  in  importance  to  the  turret  is 
the  construction  of  this  chuck,  and,  like  the  turret,  this  has  grown  out 
of  other  less  perfect  devices. 

Since  the  first  automatic  chuck  was  made,  there  has  been  a  gradual 
development  and  improvement. 

Three  distinct  types  have  so  far  been  made : — 

The  first  could  be  called  a  spring-collet  chuck,  the  second  a 
direct-wedge  chuck,  and  the  one  as  now  made  might  be  called  a 
parallel^ ripping  collet  chuck  (Fig.  91),  shown  open  and  closed  and 
in  section. 

The  spring-collet  chuck  was  first  made  for  gripping  drawn  stock, 
the  diameter  of  which  varied  but  little.  This  chuck  was  a  success 
when  used  on  such  stock,  but  when  applied  to  handling  rough  bars  of 
rolled  stock,  it  failed  to  give  satisfaction.  The  varying  diameters  of 
this  rough  stock  would  cause  the  spring  collet  to  pinch  either  at  one 
end  or  the  other.  On  large  bars  it  would  pinch  at  the  back  of  the 
collet,  and  on  small  ones  at  the  front,  causing  frequent  breakage  of 
the  collet,  and  always  an  uncertain  grip. 

Special  collets  were  required  for  holding  hexagon  and  square  bars. 
The  second  type,  called  the  direct-wedge  chuck,  gripped  the  rough 
stock  of  varying  diameters,  hut  it  was  not  so  constructed  that  both  the 
square  and  hexagon  stock  could  be  held  by  the  same  chuck,  because 
it  pinched  at  either  three  or  four  points.  A  greater  fault  than  this, 
however,  soon  developed  when  the  chuck  was  put  into  use.  The  jaws 
of  the  chuck  had  their  seat  in  a  loose  ring,  instead  of  in  the  main  body 
of  the  chuck.  Their  sides  were  closely  fitted  to  the  main  body,  but 
the  pinching  of  the  stock  was  done  by  the  loose  ring,  and  hence, 
when  the  chuck  was  closed  on  the  work,  it  was  simply  pinched  within 
a  ring  that  was  loosely  connected  to  the  spindle. 

The  third  type  is  the  one  shown  in  the  various  views  (Fig.  91), 
called  a  parallel-gripping  collet  chuck,  and  was  designed  to  overcome 
the  foregoing  troubles.     The  grip  on  the  work  is  parallel,  and  it  is 
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rigidly  fixed  to  the  spindle  when  the  chuck  is  closed.  Bars  of  any 
section  can  be  secured  in  this  chuck.  The  various  views  of  Ihe  chuck 
render  further  comment  unnecessary. 

Roller  Feed. — The  roller  feed  (Fig.  92)  pushes  the  bar  through  the 
spindle  and  chuck  till  the  end  strikes  the  stock-stop  on  the  turret 
carriage ;  then  the  rolls  slip  until  the  chuck  is  closed. 

This  feed  is  started  into  acrion  by  the  same  lever  and  motion  that 


Fig.  91.— RoHer  feed. 

Opens  the  chuck.  Its  friction  rolls  are  held  by  stiff  springs  in  contact 
with  the  bar  of  stock. 

The  first  stock  feed  was  actuated  by  a  weight,  and  was  so  connected 
to  the  bar  as  to  keep  a  longitudinal  pull  on  it,  so  that,  as  soon  as  the 
chuck  was  open,  the  descending  weight  forced  the  bar  through  the  chuck 
and  spindle  until  it  struck  the  stop  on  the  turret. 

This  weight  feed  gave  very  satisfactory  results  on  short  work  of 
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small  diameter,  but  when  applied  to  work  of  more  than  5  in,  diameter  . 
it  was  found  unsteady. 

A  further  development  was  the  ratchet  feed,  which  was  operated  by 
the  stroke  of  the  chuck  lever.  This  was,  and  is  to-day,  a  satisfactory 
feed  for  certain  kinds  of  work.  Its  principal  fault  was  that  it  required 
a  tube  through  the  spindle,  which  reduced  the  capacity  of  the  spindle 
for  receiving  large  bars;  and  since  the  work  was  moved  only  by  its 
motion,  it  was  limited  to  use  on  short  work  and  light  bars. 

The  roller  feed  was  the  next  device  to  be  applied  to  feed  the  bar 
through  the  spindle.  This  has  been  proved  the  most  satisfactory ;  it 
works  quickly  without  acceleration  of  speeds,  and  since  the  power  is 
received  from  the  machine,  it  works  equally  well  on  light  and 
heavy  bars. 

Tlie  Automatic  Die. — This  is  made  in  two  sizes   to  receive  dies 


Fig.  93.— Harlness 

from  ^  in.  to  ij  in.,  and  from  I5  in.  to  2  in.  respectively  (Fig.  93). 
They  are  fitted  with  right  or  left  hand  chasers  for  cutting  Whitworth, 
Sellers,  or  metric  standards,  also  half  vee  threads. 

The  die  opens  automatically  when  the  travel  of  its  holder  or  shank 
is  retarded. 

The  cam  for  controlling  the  chasers  takes  its  bearing  close  to  the 
cutting  strains,  hence  there  is  no  tendency  for  the  chaser  to  get  away 
from  its  work  by  canting  or  tipping. 

The  connection  between  the  shank  and  the  body  of  the  die  is  a 
double  universal  joint,  allowing  the  die  to  assume  any  position  required 
by  the  work.  This  connection  remains  flexible  under  the  torsional 
strain  of  cutting,  and  provides  a  compensation  for  the  slight,  but 
important,  change  of  alignment  that  takes  place  in  all  turret  machines 
as  soon  as  a  die  begins  to  cut. 
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Latch-pin. — The  latch-piji,  which  holds  the  cam  into  close  adjust- 
ment, is  provided  with  two  latch  surfaces,  one  for  a  roughing  cut,  and 
the  other  for  a  finishing  cut.  Turning  the  latch  halfway  round  changes 
it  from  one  to  the  other  without  disturbing  the  principal  adjustment 
for  size.  With  this  feature  it  is  claimed  that  smooth  screw  threads 
can  be  cut  when  the  lead  is  very  coarse.  It  is  seldom  used  on  standard 
threads  below  i  in.  diameter. 

Form  of  Chaser. — The  process  of  forming  the  chaser  teeth  is  such 
that  the  front  or  working  teeth  have  a  correct  working  clearance,  while 
the  back  teeth  have  no  clearance,  but,  instead,  take  a  bearing  on  the 


Fn;.  94.— Form  of  Chaser. 

work  a  little  beneath  the  face  of  the  chaser,  thus  forming  substantially 
a  lead  nut,  which  rides  on  the  thread  produced  by  the  front  teeth,  thus 
governing  the  lead  of  the  screw. 

The  chaser  teeth  are  formed  by  special  milling  machines,  provided 
with  means  for  recording  correctly  the  angles  and  positions  of  approach 
of  the  work  to  the  cutters,  so  that  a  knowledge  of  the  clearance  and 
contact  of  each  tooth  is  obtained.  The  chasers  are  milled  so  as  to  be 
interchangeable. 

Grinding. — When  in  use  the  faces  of  the  chaser  teeth  are  ground 
frequently  to  maintain  the  correct  degree  of  rake  and  a  keen  cutting 
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edge.  This  form  of  chaser  is  obviously  superior  to  those  made  by  the 
use  of  hobs  or  taps.  The  chasers  made  by  the  latter  plan  have  always 
a  more  or  less  rubbing  and  burnishing  action. 

Hardening  of  Chasers. — In  the  process  of  hardening  hobbed  chasers 
the  compressed  or  burnished  metal,  which  has  been  squeezed  into  shape 
by  the  bobbing  action  of  the  tap,  is  quick  to  assume  a  more  natural 
position,  and  this  results  in  a  distorted  thread. 

By  the  Jones  and  Lamson's  method  it  is  only  the  extreme  edges  of 
the  chaser  teeth  that  are  hardened  (Fig.  94),  leaving  the  rest  part  soft, 
hence  no  appreciable  change  takes  place.    The  error  is  corrected  in  the 
milling  machine  before  hardening  is  done  by  the  process  above  referred 
to,  and  is  not  dependent  upon  the  accuracy  of  the  leading  screw  to 
control  the  movement.     Screws  cut  with  chasers  thus  treated  are  made 
with  an  error  in  leadof  lessthan-^in.  in  18  in.    This  error  is  extremely 
small     when     com- 
pared    with     some 
"  standard  "     taps, 
and    it    is    to    be 
regretted  that  even 
some  leading  screws 
show  an  error  many 
times  as  great. 

Correct  Lead  in 
Taps. — The  inven- 
tors, after  consider- 
able experience  and 
close  investigation, 
say,  respecting  the 
correct  lead  in  taps, 
etc.,  "If  the  lead  of 
the  work  produced 
does  not  correspond 
to     the     nut     into 

which    it    is    fitted,  f  "•■  95-— ''"esiing  pitch  of  lap. 

do  not  condemn  the 

die,  but  measure  the  lead  of  both  the  work  and  taps  with  a  scale, 
providing  you  can  get  both  in  a  length  of  4  or  6  in.  It  is  practically 
impossible  to  make  taps  that  will  lead  accurately  on  account  of  varying 
results  in  hardening."  (This  element  of  uncertainty  is  eliminated  in 
their  dies,  as  above  referred  to.) 

How  to  make  Good  Fitting*  Screws.  Error  in  Taps. — The  error 
of  lead  in  taps  is  usually  so  great  that  it  is  plainly  visible  in  1  in.  or  i-|  in. 
of  length.  A  scale  (rule)  placed  on  the  top  of  the  teeth  will  show  at 
the  even  inches  and  at  the  \  in.  gradations  if  the  pitch  is  an  even  number 
to  the  inch  (Fig.  95),  Measure  the  diameter  of  the  taps,  and  see  that 
there  are  no  burrs  or  fins  at  the  bottom  of  the  threads  to  spoil  the  shape 
of  the  threads  in  the  work. 

Shape,  Lead,  and  Diameter. — ^The  three  distinct  dimensions  of  a 
screw  thread  should  be  measured  separately. 
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The  shape  and  lead  should  be  measured  when  the  die  is  made ;  in 
other  words,  the  die  should  cut  a  correct  shape  and  lead.  Then  the 
third  dimension,  the  diameter,  should  be  measured  when  the  die  com- 
mences on  a  lot  of  screws,  and  occasionally  thereafter. 

The  thread  may  be  measured  by  the  ordinary  micrometer  snap  or 
gauge,  taking  the  diameter  at  the  top  of  the  thread  {Fig.  96). 

As  the  die  becomes  worn,  the  lead  should  be  measured  occasionally. 
This  can  be  done  by  cutting  a  thread  6  in,  or  12  in.  long,  and  measuring 
it  with  a  good  scale  (Fig.  97).  The  various  forms  of  screw-leads 
measuring  devices  may  be  used  with  economy  of  time  and  material, 
but  such  gauges  should  be  handled  with  special  care,  and  obviously 
tested  by  the  foregoing  method, 

Alfred  Herbert's  Hexagon  Turret  Lathe  (Fig.  98).  —  This 
machine  represents  one  size  of  a  type  which  is  coming  into  very 
extensive  use  for  the  production  of  articles  which  can  be  made  from 
bats  of  mild  steel.  In  the 
great  majority  of  such  work 
it  is  much  cheaper  to  produce 
the  pieces  required  from  bars 
than  from  forgings,  and  the 
use  of  forgings  is  therefore 
diminishing  in  work  of  this 
class.  The  above  machine 
can  turn  out  pieces  up  to  2  in. 
diameter  x  29  in.  long.  The 
main  feature  of  the  machine  is 
that  all  reductions  in  diameter 
are  made  with  one  cut,  the 
tools  being  so  designed  that 
all  strains  are  self-contained 
within  them. 

The    downward    pressure 
Fig.  96,— Micromeler  gauging  a  screw.  upon  the  tool  itself  is  resisted 

by  the  upward  pressure  of  the 
work  upon  the  steady  plates,  thus  converting  the  action  into  a  merely 
torsional  one.  The  action  of  the  tool  upon  the  bar  can  be  likened 
to  the  action  of  the  drill,  with  the  difference  that  it  takes  place  on 
the  outside  of  the  bar  instead  of  in  its  interior,  and  the  steadies  also 
give  a  burnishing  action  upon  the  work,  producing  a  very  high  finish. 

The  tools  which  are  bolted  to  the  hexagon  turret  form  practically 
part  of  the  machine,  and  are  adaptable  for  a  great  variety  of  work, 
rendering  the  provision  of  special  tool  outfits  entirely  unnecessary. 

The  headstock  has  friction  gearing,  and  the  chuck  can  be  operated 
without  stopping  the  lathe.  The  feed  is  changed  by  a  lever  under  the 
headstock,  and  is  provided  with  six  automatic  stops,  namely,  one  for 
each  tool.  A  pump  is  supplied,  giving  a  very  copious  supply  of  oil  to 
the  turret.  The  die  head  is  of  the  self-opening  variety,  and  will  screw 
up  to  I;  in.  diameter;  it  has  attachments  by  means  of  which  a  light 
finishing  cut  may  be  taken  over  the  thread. 
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Hexagon  Tnrret  Lathe  with  Patent 
Chasing  Saddle.^ — A  machine  intended 
for  chudt  work  mainly,  either  in  cast 
iron,  steel,  or  bronze,  is  illustrated  in 
Fig.  99.  The  spindle  is  made  hollow 
to  receive  bars  up  to  %\  in.  diameter, 
when  it  is  desired  to  turn  pieces  direct 
from  the  bar. 

The  headstock  is  fitted  with  duplex 
gearing,  which  can  be  thrown  in  or  out 
while  the  lathe  is  running,  and  which 
is  so  arranged,  in  conjunction  with  two 
speeds  on  the  countershaft,  as  to  give 
six  properly  graduated  speeds  for  each 
step  of  the  cone  pulley.  By  changing 
the  position  of  the  belt  eighteen  speeds 
are  available.  It  will  be  noticed  that  this 
machine  is  of  a  compact  design,  the  bed 
being  extended  to  the  floor  line  beneath 
the  fast  headstock  to  give  rigid  support. 

There  are  two  saddles,  each  carrying 
a  turret.  The  main  turret  is  hexagonal, 
each  face  has  a  tool  hole  for  holding 
shank  tools,  boring  bars,  etc.,  large 
tools  for  repetition  work  being  bolted 
directly  to  the  faces  of  the  turret.  The 
turret  is  set  at  an  angle  to  allow  long 
tools  to  clear  the  pilot  wheel,  but  all 
the  tools  are  true  to  the  centre  line 
when  brot^ht  in  straight  alignment  for 
action.  There  is  an  independent  stop 
fitted  for  each  face  of  the  turret ;  these 
trip  the  feed  automatically,  and  also  act 
as  dead  stops. 

The  square  turret  mounted  on  the 
front  saddle  has  room  for  four  tools, 
and  is  fitted  with  a  patented  mechanism 
(or  chasing,  by  the  action  of  which  it  is 
claimed  chat  both  externa!  and  internal 
screw  threads  can  be  accurately  and 
rapidly  cut  without  the  possibility  of 
cross  threading.  This  chasing  motion 
is  entirely  independent  of  the  feed 
motions. 

These  machines  are  in  use  in  a 
laige  number  of  the  leading  workshops, 
and  by  motor-car  engineers  for  pro- 
ducing gear  blanks,  and  parts  of  the 
transmission  mechanism  of  motor  cars. 
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These  parts  are  usually  made  from  large  pieces  cut  off  from  round 
bars,  or  from  large  drop  forgings.  On  suitable  work  it  is  estimated  that 
one  turret  lathe  will  displace  five  to  sis  ordinary  engine  lathes. 

A  "Brass  Finisher's"   Turret  Lathe.— This   lathe  is  shown    in 


Fig.  loo.     It  is  fitted  with  a  two-jaw  self-centering  chuck  on  the  spindle, 
and  at  the  opposite  end  carries  a  gear  communicating  motion  to  a  guide 


KlG.  99. — Hexagon  lurret  lalhe. 

screw  through  pinions.     Working  on  the  screw  is  a  die  which  operates 
through  a  shaft  a  turn-over  slide  rest. 

The  slide  rest  carries  the  chasing  tool,  which  is  only  used  for  chasing, 
and  when  not  in  use  is  turned  over  on  its  axis,  i.e.  the  back  shaft. 
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The  guide  screw  and  die  are  both  movable,  and  are  substituted  when 
a  screw  of  different  pitch  requires  to  be  chased ;  thus  the  different  screw 
threads  are  cut  without  the  aid  of  change  wheels.  The  changes  of 
cutting,  turning,  and  boring  are  in  this  arrangement  effected  with  ease 
and  faciUty. 

The  turret  can  carry  a  fuU  complement  of  tools  for  any  specific 
work,  and  thereby  effects  a  considerable  saving  of  time  after  once  fixing. 
Internal  and  external  screws,  with  right  or  left  hand  threads  of  8,  11, 
14,  19  and  28  per  inch  {which  are  the  standard  pitches)  can  readily 
be  cut  by  simply  changing  the  guide  screw  and  die.  The  concentric 
chuck  is   not  always  used,  but  chucks  having  three  or  four  jaws; 


Fig.   100.— Btass-finisher's  lalhe. 

universal,  or  independent,  or  "bell"  chuck  tnay  be  fixed  on  the  spindle 
as  required. 

Capstan  Lathes.— The  lalhe  illustrated  in  Fig.  loa  is  also  fitted 
with  a  special  saddle  for  chasing  square  or  vee  threads  by  means  of  a 
"  leader "  (screw). 

Four  different  pitches,  either  right  or  left  hand,  can  be  cut  by  each 
leader,  the  change  being  made  by  levers.  By  means  of  a  frictional 
arrangement  on  the  headstock,  the  back  gearing  may  be  removed  and 
single  speed  introduced  without  having  to  stop  the  spindle.  The  capstan 
slide  has  an  automatic  feed,  and  is  fitted  with  a  dead  stop  for  each  tool. 
The  spindle  is  hollow,  and  will  take  bars  up  to  2  in.  diameter ;  when. 
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however,  required,  this  lathe  is  equally  adapted  for  chuck  work  in  cast 
iron,  steel,  or  brass. 

BevolTiug*  Valve  Chuck. — The  valve  chuck  shown  in  Fig.  103  is 
fitted  with  ball  bearings  to  the  revolving  jaws,  whereby  the  friction  is 


Fig.  ioj.— Capstan  lathe. 

SO  much  reduced  that  the  jaws  can  be  rotated  by  using  the  spanner  on 
the  square  shaft  B  without  slackening  the  chuck,  and  consequently 
without  shifting  the  work. 

The  dividing  mechanism  is  provided  with  a  screw  for  holding  the 
catch  firmly  in  position  when 
dealing  with  heavy  work.  The 
dividing  plate  is  in  one  piece  with 
the  jaw  spindle,  by  which  means 
back-lash  is  obviated. 

Small  Capstan  Lathe. — Fig. 
104  represents  a  capstan  lathe 
made  for  high-speed  brass  and 
steel  work  from  the  bar.  It  will 
admit  \  in.  through  the  automatic 
chuck.  This  chuck  is  operated 
by  a  hand  lever,  which  also  moves 
the  bar  forward  in  the  chuck. 
The  chuck  is  adjusted  for  varying 
diameters  by  two  knurled  nuts  at 
the  rear  end. 
Fig.  103. — Herbert's  valve  chuck.  The    capstan    slide    revolves 

automatically  upon  the  backward 
stroke ;  this  slide  has  two  independent  adjustable  stops,  thus  providing 
greater  ease  in  setting  than  when  only  one  stop  is  provided.  The  cut- 
off rest  carries  two  tools,  one  at  the  front  and  one  at  the  back,  and  has 
adjustable  stops  in  both  directions.    The  operating  lever  passes  through 
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a  split  bearing,  and  can  be  clamped  upon  the  shaft  in  any  position 
found  most  suitable.  A  special  feature  of  this  machine  is  that  it  is 
made  dust-proof. 

On  these  high-speed  machines  dust  is  the  great  enemy  of  accuracy 
and  durability.  It  is  therefore  imperative  to  protect  the  vital  parts  from 
the  action  of  dust.  In  order  to  withstand  the  shocks  inherent  to  high- 
speed work,  the  locking  mechanism  is  made  of  tempered  tool  steel. 
Another  feature,  to  obtain  a  uniformity  in  running,  is  that  the  speed 
cones  are  carefully  turned  inside  and  fitted  to  their  spindles  by  a  cone 
bearing,  no  keys  being  used.  On  these  light  spindles  keys  have  been 
found  in  many  cases  to  spring  the  work  out  of  truth. 

The  following  are  some  of  the  leading  dimensions  : — 

Height  of  centres,  4I  ia  ;  width  of  belt,  \\  in. 

Largest  diameter  of  cone  pulley,  7  in. 

Working  stroke  of  capstan,  4I  in. 


Fig.  104. — Small  capstan  lalhe. 

Antomatic  Screw  Machine. — The  machine  shown  in  Fig.  105  is 
suitable  for  producing  bolts,  screws,  pins,  collars,  bushes,  etc.,  direct 
from  the  bar,  up  to  about  8  in.  long  x  t  in.  diameter. 

The  machine  is  equipped  with  a  set  of  standard  cams  and  tools ;  that 
is  to  say,  such  cams  and  tools  as  will  produce  any  of  the  above  kinds  of 
work  without  requiring  any  alteration  to  suit  the  different  pieces.  When 
the  machines  are  employed  upon  one  kind  of  work  all  the  time,  special 
cams  and  tools  are  used,  but  in  general  practice  the  standard  arrange- 
ment is  preferred,  on  account  of  its  more  useful  application  to  a  wider 
range  of  work,  or  in  cases  where  on  simple  work  having  few  operations 
it  is  advisable  to  produce  two  pieces  at  each  cycle  of  the  machine. 

The  spindle  of  the  machine  is  fitted  with  an  automatic  chuck  for 
gripping  and  releasing  the  bar,  and  automatic  arrangements  for  feeding 
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the  bar  forward  to  the  required  length.  The  chuck  is  operated  by 
levers  at  the  rear  of  the  headstock,  which  in  turn  receive  their  motion 
from  cams  carried  by  the  left-hand  drum.  The  bar  is  fed  forward  by 
means  of  a  spring  collet  which  slides  forward,  carrying  the  bar  with 
it  when  the  chuck  is  open,  and  which  slides  back  upon  the  bar  when 
the  chuck  is  closed. 

The  tube  carrying  this  collet  is  actuated  by  an  adjustable  cam  on 
the  left-hand  cam  drum.  The  cut-off  slide,  which  usually  carries  a 
forming  tool  on  the  front  and  a  cutting-otF  tool  at  the  back,  is  held  in 
its  central  position  by  a  spring.  The  tools  are  operated  by  levers 
actuated  by  cams  attached  to  the  disc  shown  beneath  it,  the  depth  of 
cut  being  regulated  by  screws  at  the  upper  ends  of  the  levers.  The 
turret  slide  rotates  automatically  on  the  back  stroke,  and  is  operated  by 
hard  steel  cam  strips  attached  to  the  right-hand  cam  drum. 

The  feed  motion  for  actuating  the  cam  shaft  is  driven  from   the 


Fig.  105. — Aatomalic 


The  fast  speed  is  used  for  the  idle  movements  of  the  machine,  such 
as  opening  the  chuck,  feeding  the  bar  forward,  withdrawing  the  tools, 
rotating  the  turret,  and  bringing  the  tools  up  to  their  work,  and  the  slow 
speed  is  used  for  the  actual  cutting  movements  of  the  machine. 

The  proportions  of  time  during  which  the  cam  shaft  is  rotating  fast 
and  slow  are  governed  by  adjustable  dc^s  upon  the  cam  disc  shown  at 
the  extreme  right  hand  of  the  machine.  These  dogs  can  be  set  to  suit 
the  work  being  done,  so  that  the  quick  speed  comes  into  operation  the 
instant  the  cutting  tools  have  completed  their  operations,  thus  reducing 
the  time  to  the  minimum. 

The  spindle  is  driven  by  means  of  gears  and  high-speed  pulleys  at 
the  back,  and  can  be  driven  at  two  speeds,  either  forward  or  reverse, 
thus  enabling  the  turning  operations  to  be  done  at  high  cutting  speeds. 
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and  at  the  same  time  providing  for  the  slow  speeds  which  are  necessary 
for  screwing.  Many  special  adaptations  of  the  machines  are  made  for 
special  work,  such  as  the  production  of  engine  studs,  condenser  ferrules, 
locomotive-firebox  stays,  and  detached  pieces  made  from  castings  or 
forgings,  secocd  operations  on  pieces  cut  off  from  the  bar,  etc. 

The  number  of  separate  operations  which  can  be  performed  by 
machines  having  standard  tools  and  cams  are  seven,  viz,  five  turret 
operations  and  two  cross-slide  operations ;  some  of  these  can  be  made 
to  do  alternative  kinds  of  work,  such  as  turning  or  boring  without 
altering  the  cams. 

The  following  is  an  example  of  the  work  which  can  be  done  on  a 
machine  with  standard  cam  and  tools  : — 

The  chuck  opens,  and  the  bar  feeds  forward  to  the  required  length. 
The  bar  may  be  (a)  Coned  on  its  end,  with  the  tool  in  die  first  turret 
hole,  or  it  may  be  centered  or  centered  and  faced,  on  the  end.  (b)  Roi^h 
turned  with  a  box  tool,  fixed  in  the  second  turret  hole,  or  drilled,  or 
rough  turned  and  drilled,  at  the  same  time  with  a  box  tool  carrying 
a  drill,  (c)  Finish  turning  or  reaming,  or  finish  turning  and  reaming 
at  the  same  time  in  third  turret  hole,  using  a  box  tool  carrying  a 
reamer,  {d)  Form  with  a  tool  on  the  front  of  the  cross  slide,  the 
work  being  supported  either  by  a  steady  bush,  carried  in  the  fourth 
turret  hole,  or  by  a  steady  peg,  as  required,  (e)  Screw  with  self-opening 
die ;  the  head  is  carried  in  the  fifth  turret  hole.  {/)  Finally  cut  off  with 
a  tool  carried  on  back  of  the  cross  slide. 

It  will  be  seen  from  the  above  that  these  operations  provide  for  a 
great  variety  of  work. 

When  short  pieces  of  work  are  required,  the  turret-slide  cam  drum 
and  the  turret  slide  can  be  adjusted  into  different  positions  so  as  to 
enable  them  to  be  brought  close  up  to  the  chuck,  thus  enabling  short 
tools  to  be  used,  and  at  the  same  time  providing  for  the  adjustment 
away  from  the  chuck  for  doing  long  pieces. 

Tools  for  Automatic  Screw  Machine. —A  few  standard  tools  are 
illustrated  in  Fig.  106  (A,  B,  C,  D,  E,  F,  &  G),  for  straightforward  work, 
such  as  pins,  bolts,  screws,  and  studs. 

A  represents  a  starting  tool  for  trueing  up  and  pointing  the  end  of 
a  bar  in  order  to  prepare  it  for  the  box  tool  on  work  of  any  considerable 
length. 

B  is  a  centering  and  facing  tool  used  on  the  end  of  a  bar 
preparatory  to  drilling. 

C  shows  an  adjustable  box  tool  so  arranged  that  as  many  as  three 
different  diameters  may  be  turned  simultaneously ;  it  is  also  provided 
with  a  cutter  for  finishing  the  end  of  the  work. 

■  D  is  a  self-opening  die  head,  having  four  dies  which  are  provided 
with  a  roughing  and  finishing  attachment,  operated  by  the  lever  shown. 

By  means  of  an  adjustable  stop  contained  within  the  body  of  the 
die  head,  the  dies  open  automatically  when  the  desired  length  of  thread 
has  been  cut 

The  dies  are  mounted  in  sliding  jaws,  and  can  quickly  be  removed 
for  sharpening  when  necessary. 
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E  represents  a  steady  bush  and  holder  for  supporting  the  work 
while  the  forming  tool  is  cutting. 

The  forming  tool  is  shown  at  F  fitted  to  its  holder  by  means  of  a 
dovetailed  projection,  which  gives  a  very  firm  grip  and  also  enables  the 
tool  to  be  taken  out  for  grinding  and  returned  with  certainty  to  its 
correct  position. 

After  finishing,  the  work  is  parted  from  the  bar  by  a  cutting-off 
tool,  shown  at  G. 

"GiBhoIt"  Turret  Latte. — Fig.  107  represents  a  specially  powerful 
turret  lathe,  designed  to  cope  with  a  general  class  of  work.    As  will  be 


Fig.  106. — Toob  for  anlomatic  screw  machme. 

seen,  the  speed  cone  is  dispensed  with,  the  lathe  being  fitted  with 
an  electric  motor.  Among  other  features  of  this  tool  are  the  two  saddles 
to  carry  the  cutting  tools ;  these  are  constructed  with  a  view  to  minimize 
chatter,  there  being  no  overhanging  parts,  and  all  surfaces  being  lai^e. 
The  leading  saddle  carries  tbe  tools  for  operating  on  external  surfaces, 
and  may  be  traversed  further  along  the  bed  than  is  customaryin 
ordinary  lathes,  to  allow  the  turret  saddle  to  get  near  the  work. 

The  hexagonal  turret  will  carry  six  tools,  and  an  intermediate  stay 
is  fixed  to  support  boring  bars;  an  additional  bearing  is  obtained  in  the 
hollow  spindle,  thus  making  a  rigid  bar  of  what  might  otherwise  appear 
to  be  a  slender  one.  The  spindle,  which  is  of  large  dimensions,  carries 
a  universal  chuck,  which  may  be  driven  direct  through  the  spur  wheel 
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shown  attached  to  it.     The  lathe  has  a  24-in.  swing,  and  is  used  for 
boring,  facing,  turning,  and  screw  cutting. 

Regarding  the  range  of  speed  of  the  motor  on  the  machine,  the 
normal  speed  is  about  960  revolutions  with  a  controller  that  gives  a 


variation  of  speed  below  norma!  of  50  per  cent.,  and  above  of  20  per 
cent.,  the  conlroUer  giving  nine  variations. 

The  motor  used  is  a  3-H.P.,  and  may  be  either  no  or  220  volts  for 
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tlie  speed  given.  The  tuiret  lathe  is  made  by  the  Gisholt  Machine 
Co.,  Madison,  Wis.,  U.S.A.,  to  whom  I  am  indebted  for  the  cut  and 
particulars. 

In  lathes  of  this  type  every  conceivable  point  of  advantage  appears 
to  have  been  considered  in  the  design.  The  bed,  which  is  of  box 
section,  extends  to  the  floor,  and  in  this  respect  is  of  a  most  rigid  type ; 
there  is  only  one  headstock,  and  it  is  cast  to  the  bed.  The  broad- 
nosed  tools  are  operated  as  easy  as  the  single-pointed  tools  in  a 
lathe  of  the  ordinary  class.  A  plan  of  one  of  these  lathes  is  given  in 
Fig.  io8,  which  explains  belter  than  words  many  of  the  special  features 
of  the  lathe. 

There  is  no  sparing  of  surface  contact ;  the  carriage  is  broad,  long, 
and  massive,  as  indeed  are  all  the  moving  parts.     Nothing  appears  to 


Fig.  108. — Plan  0/  turret  laihe. 

come  amiss  to  the  tools  when  several  are  operating  simultaneously; 
a  fact  which  will  be  more  manifest  in  the  modem  lathes  directly 
driven  by  electric  motors,  as  in  Fig.  107.  Both  the  saddle  carrying 
the  roughing  tools  and  turret  carriage  are  fitted  with  independent  nuts 
to  engage  with  the  guide  screw  for  screw  cutting.  Figs.  108,  109, 
no.  III  show  some  of  the  uses  to  which  the  lathe  may  be  put.  Speed 
cones  (Fig.  109)  are  commenced  by  a  too!  bar  with  double  cutters, 
which  bore  and  face  the  three  largest  steps.  The  bar  is  fixed  to  the 
face  of  the  turret,  and  is  also  supported  at  the  outer  end  by  a  bar  which 
fits  a  bush  carried  by  the  chuck.  The  second  and  third  tools  are  boring 
bars  for  roughing  and  finishing. 

The  fourth  and  fifth  tools  are  standard  facing  heads,  with  cutters  for 
boring  and  facing  the  largest  step.     The  speed  cone  is  then  removed 
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and  mounted  on  a  mandril,  supported  from  a  bushing  i 
and  running  in  a  holder  at  the  outer  end. 


Fia.  109. — Turrel  lathe  operatii^  on  five-step  sp«ed  cone. 

A  cone  plate  fitting  the  bore  of  the  largesti  step,  and  a  bush  fitting 
the  bored  hole  are  placed  on  the  mandril,  and  the  cone  pulley  is  pressed 


Fig.  no.— Turret  lathe  operating  on  small  fiy-wheels. 

on  them.     The  pulley  is  driven  through  studs  passing  from  a  driver 
on  the  chuck  into  holes  in  the  speed-cone  plale. 
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The  tool  holder  being  removed,  the  special/double-pultey  turning 


Fig.  III. — Turret  lathe  boring  and  lurning  valves. 

tool  is  mounted  in  its  place,  one  set  of  cutters  for  roughing,  after  which 
the  second  set  is  brought  into  action  for  finishing. 


Flc.  112. — Overhead  magazine. 

Oveitead    Magazine   applied    to    Automatic    Screw    Hachine 
(Fig.   113.) — This  illustration   represents  a   magazine  attachment  for 
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chucking  castings  or  other  detached  pieces  on  an  automatic  screw 
machine. 

The  pieces  are  placed  by  the  operator  in  a  trough  over  the  spindle 
of  the  machine,  and  are  automatically  fed  forward  one  by  one  by  means 
of  ratchets,  upon  a  longitudinal  bar  over  the  trough.  This  bar  is 
operated  by  a  lever  at  the  rear  end  of  the  machine,  which  receives 
its  motion  froin  a  cam  on  the  cam  drum,  which  operates  the  chuck. 
The  pieces  are  pushed  out  of  the  trough  into  a  carrier,  which  is  seen 
in  the  illustration  in  its  uppermost  position. 

The  carrier  then  descends,  and  a  pusher  on  the  turret  pushes  the 
piece  into  the  chuck,  which  grips  it.  The  turret  pusher  at  the  same 
time  releases  a  spring  catch  in  the  carrier,  which  enables  it  to  be  turned 
through  a  semicircle  by  the  action  of  a  flat  helical  spring,  thus  enabling 
the  carrier  to  be  raised  without  colliding  with  the  work  which  is  gripped 
in  the  chuck.  In  rising  to  its  first  position,  the  carrier  is  rotated  again 
through  half  a  circle  by  a  rack  attached  to  the  machine  frame,  and 
as  soon  as  it  reaches  its  former  position  the  calch  springs  into  place 
and  holds  it.  These  magazines  are  operated  by  levers,  actuated  by 
cams  upon  the  cam  shaft  of  the  machine.  The  attachment  in  question 
is  only  one  of  a  variety  which  is  made  to  suit  special  repetition  work. 
It  illustrates,  however,  the  idea  and  the  tendency  of  modem  automatic 
machinery  to  develop  along  this  line. 
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TREADLE  AND  POWER  LATHES. 

An  Amateur's  Lathe  is  a  general  machine  tool,  and  should  be  handy, 
compact,  and  accurately  fitted  in  every  detail.  The  sliding  and  revolving 
parts  should  be  specially  free,  but  without  any  appreciable  shake  when 
submitted  to  the  severest  tests. 

To  obtain  this  result,  the  gears  should  be  machine-cut,  the  driving 
spindle  truly  fitted  to  its  bearings,  and  also  be  in  perfect  alignment  with 
the  bed  and  the  loose  head  poppet  of  the  lathe. 

All  slides  must  be  scraped  to  a  surface,  and  be  adjustable  to  a 
minute  degree. 

A  separate  rest  should  be  used  whenever  much  hand  turning  is  to 
be  done,  so  that  the  top  rest  and  the  transverse  slide  may  be  kept  as 
free  as  possible  from  fine  chips  and  dust. 

It  is  also  much  handier,  when  very  small  articles  are  to  be  turned, 
since  the  loose  headstock  can  be  brought  closer  up  to  the  hand  rest  and 
work,  than  it  can  by  using  the  automatic  saddle. 

The  treadle  motion  must  be  balanced  to  stop  anywhere  in  a  revolu- 
tion. Its  shaft  should  be  carried  on  hardened  centre  points,  and 
supported  with  rollers  at  two  points,  so  that  the  friction  is  as  small  as 
is  practicable  when  the  crank  shaft  is  rotated. 

The  sliding  portions  must  be  scraped,  and  accurately  "  padded  "  to 
a  true  surface,  so  that  there  is  perfect  coincidence  of  the  whole  surface 
in  contact  as  well  as  perfect  freedom  of  movement  in  any  position. 

Small  Screw-Cnttiug^  Lathe. — Small  lathe  spindles  are  best  when 
fitted  in  conical  bearings,  so  that  any  appreciable  looseness  may  at  once 
be  detected  and  remedied  by  the  adjusting  lock  nuts.  It  cannot  be  too 
strongly  emphasised  that  this  part  of  a  lathe  is  most  important,  and 
although  may  only  occasionally  need  attention,  it  should  rwt  be  attempted 
by  an  amateur.  A  truly  turned  and  iitted  steel  spindle,  once  properly 
adjusted  to  both  front  and  back  bearings  (which  bearings  are  preferably 
of  hard  phosphor  bronze),  will  run  for  years  with  proper  care  and  lubri- 
cation. There  is  a  tail  or  thrust  pin  at  the  extremity  of  the  spindle, 
which  keeps  the  spindle  in  position,  and  acts  somewhat  as  a  check  to 
the  pushing  tendency  of  drills  when  boring  is  being  done,  or  when  the 
loose  poppet  centre  is  tightened  too  hard  on  the  work.  The  adjustment 
of  the  tail  pin  is  also  important,  especially  in  heavier  lathes,  where  the 
thrust  is  greater.  It  is  a  good  practice  to  insert  a  disc  of  hard  leather 
between  the  faces  of  spindle  end  and  thrust  pin. 
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_Heat  is  not  communicated  through  it,  and  it  does  not  need  lubri- 
eating  so  frequently  as  when  the  faces  of  the  hardened  steel  are  in  direct 
contact. 

An  amateur's  or  small  general  lathe,  with  screw-cutting  and  self- 
acting  arrangement,  is  shown  in  Fig.  113.     A  reversing  motion  is  fitted 


to  the  fast  headstock,  which  changes  the  direction  in  which  the  guide 
screw  revolves.  By  this  device  left-hand  screws  may  be  cut,  or  the 
saddle  traversed,  towards  the  loose  headstocks  for  other  purposes. 

Conical  and    Parallel    Bearings  for   Lathes.    ComVii/.— Conical 
bearings  are  as  a  rule  fixed  in  small  lathe  headstocks,  and  parallel 
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bearings  in  lai^e  ones  {see  Fig.  114),  This  is  done  because  for  light 
lathes  adjustable  cones  are  most  suitable,  these  being  highly  sensitive 
and  easy  running,  while  for  heavy  lathes  journal  or  parallel  bearings 
give  the  best  results. 

Parallel  hearings.— The  front  bearing  receives  the  greatest  load,  has 
more  friction,  and  therefore  more  wear  than  the  back  bearing.  The 
front  neck  of  the  spindle  is  made  much  larger  and  longer  on  account 
of  this. 

Axial  Pressure. — The  axial  pressure  is  taken  up  partly  by  the  good 
fitting  contact  between  the  flanges 
of  the  spindle  and  the  sides  of  the 
bearing,  and  partly  by  the  thrust 
pin,  the  hardened  face  of  which  is 
directly  touching  the  hard  face  of 
the  tail  end  of  the  spindle  when 
properly  adjusted. 

Ball  Bearings.  —  Intermediate 
between  the  thrust  pin  and  the 
spindle  end  ball  bearings  may  be 
placed.  When  these  are  adopted, 
very  good  results  are  obtained,  as 
the  amount  of  friction  is  consider- 
ably reduced. 


Fig.  114. — Conical  beaiinfis. 

Various  Forms  of  Conical  Bearings. — Referring  to  the  "  Whitworth  " 
type  (Fig.  A),  the  cones  are  both  tapered  in  one  direction ;  in  this 
case  the  back  bush  has  a  lateral  adjustment  obtained  by  the  lock  nuts, 
one  of  which  is  screwed  on  each  side  of  the  bearing. 

Fig.  B  is  a  more  general  practice :  here  both  bush  bearings  are 
fitted  tightly  into  the  headstock,  and  the  taper  mouths  are  both  outside. 

A  conical  bush  slides  and  rides  on  a  feather  key  fitted  in  the  spindle, 
and  is  adjusted  by  a  pair  of  lock  nuts  screwed  on  the  spindle  end. 
From  these  two  forms  others  have  been  designed,  some  are  made  with 
a  ball  race  on  one  side  while  others  have  the  conical  portion  outside 
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of  the  bush,  and  the  inside  bored  straight  to  receive  a  spindle  turned 
parallel. 

ParaUel  Bearings. — This  brings  us  to  consider  parallel  hearings.  It 
has  been  already  said  that  these  are  hest  adapted  to  lathes  of  the  heavier 
type,  especially  those  in  which  the  work  is  fixed  on  to  a  face  plate,  or 
to  an  angle  plate,  or  is  carried  in  a  jaw  chuck. 

It  is  obvious  that,  with  an  overhanging  weight  of  several  hundred 
pounds  on  the  front  bearing,  there  is  great  danger  of  the  wear  on  the 
bearing  being  irregular,  and  the  risk  is  more  with  a  conical  neck  than 
is  the  case  with  one  made  parallel-faced  at  each  end  with  fitting  collars. 
A  further  advantage  is  that  the  adjustment  is  easy,  quick,  and  effective, 


F[ti.  114A. — Journal  beaiings. 

I'.rf.  by  tightening  the  cap  the  upper  half  of  the  bearing  is  pressed  directly 
on  to  the  spindle  ivken  heavy  cutting  has  to  be  done,  and  as  quickly 
relieved  when  a  high  speed  is  desirable. 

A  journal  bearing  is  given  in  Fig.  114A. 

Front-Blide  Lathes.  —  Front -slide  lathes  are  generally  of  sniall 
dimensions,  and  are  specially  adapted  for  light  work.  One  of  the 
simplest  of  this  type  is  a  s-in.  centre  single-geared  lathe  shown  in 
Fig.  115- 

Overhanging  Headstocks. — The  headstocks  are  constructed  to  lean 
over  towards  the  front  of  the  bed,  in  order  to  bring  the  work  conveniently 
near  to  the  rest, 

Tkw  Rests. — In  this  anai^ement  there  are  two  rests — hand  and 
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compound— which  are  made  to  travel  in  unison  by  a  rack  and  pinion 
driven  from  the  compound  rest.  They  are  connected  by  an  adjustable 
link,  which  is  a  saving  of  time  in  the  setting  of  either  one  for  work. 

When  the  slide  rest  is  in  use,  the  hand  rest  is  slid  past  in  front  of 
the  fast  head ;  when  the  hand  rest  is  required,  the  compound  one  is  slid 
past  the  loose  headstock.  There  is  no  need,  therefore,  to  take  either 
rest  off  to  substitute  one  kind  for  the  other  on  the  same  carriage.  This 
renders  the  lathe  useful  for  jobbing  shop  work  and  for  amateurs. 

A  4-in.  centre  lathe,  very  much  the  same  as  the  one  just  described,  is 
shown  in  Fig,  116.     It  will,  however,  be  noticed  that  in  this  arrange- 
ment, instead  of  the  compound  rest  being  fitted  directly  on  the  top 
of  the  bracket  which  forms  the  carriage,  it  is  fitted  to  a  separate  bracket 
which  has  a  vertical  sliding  movement  on  the  carriage.     This  can  be 
utilized  in  many  ways.     It  forms  a  vertical  slide  for  carrying  milling 
cutters  or  drill  spindles  driven  from  an  overhead  motion;  or  it  may 
be  used  for  the  adjustment  of  work  which  has  to  be  operated  on  at 
different  heights  with  drills 
or   cutters  driven    by   the 
headstock. 

This  lathe  can  also  be 
used  for  the  attachment  of 
a  boring  table.  The  boring 
table  is  fitted  with  a  nut 
into  which  the  cross-slide 
screw  works,  and  affords 
a  ready  means  for  exact 
adjustment  of  the  tool 
points.  The  vertical  slide 
has  an  adjustment  to  zero 
by  micrometer,  and  has  a 
4-in.  rise  and  fall- 
Fig.  115.— Front  slide  lathe.  The  cross  slide  also  has 

a  micrometer  adjustment 
to  zero,  reading  on  one  side  to  -^^  in.,  and  on  the  other  to  the  common 
divisions  of  an  inch. 

This  lathe  is  fitted  with  a  self-acting  surfacing  motion  which  is  driven 
from  the  front  of  the  carriage  at  the  right  hand,  and  arranged  with 
a  telescope  feed  bar  and  universal  joints  to  drive  at  whatever  height  the 
vertical  bracket  slide  may  happen  to  be  in. 

The  headstock  pulley  is  fitted  with  a  division  plate,  with  a  series  of 
holes  to  be  read  at  sight.  A  tangent  wheel  and  screw  is  fitted  to  the 
cone  pulley  with  a  swing  frame ;  and  a  set  of  change  wheels  of  fine  pilch 
for  dividing,  wheel  cutting,  etc.,  is  shown.  A  wheel-cutting  attachment 
can  also  be  fitted  on  the  cross  slide  in  place  of  the  slide  rest,  to  be  driven 
by  overhead  motion.  The  fast  heads  in  these  lathes  are, fitted  with 
spindles  having  parallel  necks  running  in  bearings  of  hard  m'elal. 

The  thrust  arrangement  is  of  a  special  character,  being  taken  between 
the  front  and  back  of  the  collar,  so  that  the  adjustment  is  not  altered 
if  the  spindle  becomes  warm  with  running.    The  whole  fitting  is  enclosed, 
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and   runs  in  oil,  and  the  end  of  the  mandrel,  which  is  hollow,  stands 
clear  at  the  back,  so  that  split  chucks  can  be  fitted  to  the  spindle. 
The  swing  frame  to  the  guide  screw  is  fitted  with  a  special  locking 
arrangement  for  lock- 
ing   the  frame  in  any 
position. 

The  loose  heads 
are  clamped  by  means 
of  an  eccentric,  which 
grips  the  bed. 

6-in.  Centre  Tool- 
room Lathe. — Fig.  117 
is  a  6-in,  screw-cutting 
lathe,  constructed  to 
do  the  necessary  work 
in  an  engineer's  tool 
room  (in  such  rooms 
as  are  not  equipped 
with  a  full  complement 

of  machine  tools).     It  ^ 

may  be  used   for  the  ^ 

cutting  of  spur,  bevel,  "^ 

or     worm     gears,     or  S 

dividing,   milling,  slot  ^ 

drilling,  and   shaping,  g 


also     for     fluting 


I 


grooving  1 

cutters,  either  serrated  S 

or  of  the  "fly"  type.  0 

The    details    of    the  '^ 

other    working    parts 

are  much  the  same  as 

in  F^,  116  previously 

described. 

The  countershaft 
has  swivel  bearings,  is 
extended  at  the  right 
hand,  and  carries  a 
cone  pulley  for  gut 
band  for  driving  the 
attachments  for  wheel 
cutting,  slot  drilling, 
etc.,  on  the  slide  rest. 
The  large  speed  pulley 
is  to  obtain  the  neces- 
sary high  speed  when 

fly-cutters  are  used.  The  wheel-cutting  appliances  are  made  to  fit  en 
the  top  of  the  cross  slide  in  place  of  the  ordinary  slide  rest  (Fig,  ii6a). 
The  cutter  spindle    is   hollow,  to   receive  mandrels   for  carrying    the 
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cutters,  and  is  driven  by  spur  gearing,  and  a  grooved  pulley  driven 
from  the  overhead. 

When  fly  cutters  are  used,  the  driving  pulley  can  be  put  on  the  cutter 
spindle  to  obtain  the  requisite  speed.  The  cutter  spindle  is  carried  by 
compound  slides,  which  swivel  on  the  upright  standard,  both  this  and 
the  swivel  on  the  cross  slide  being  fully  graduated. 

When  the  mandrel  is  fixed  in  a  horizontal  position,  the  machine  can 
be  used  for  slot  drilling,  nut  shaping,  or  milling  small  work  held  between 
the  lathe  centres. 

A  slot-drilling  frame  is  also  made  for  use  with  the  lathe  (Fig.  117A), 

and  can  be  held  in  the  slide  rest.     It  consists  of  a  square  stem,  fitted 

with  a  steel  mandrel,  with  hardened  bearings  running  in  bronze  bushes. 

The  spindle  is  geared  for  use  in  heavy  work,  but  when  a  greater 

speed  is  required,  the  top  pulley  can  be  thrown  out  of  gear,  and  the 

spindle  driven  direct  by  a  pulley  on  the  large  wheel.    The  front  end  of 

the  spindle  is  coned  to  receive  cutters,  rose 

cutters  for  iron  and  steel,  and  slot  drills  for 

iron  and  brass  work. 

In  large  shops  outside  the  tool  room 
these  lathes  would  scarcely  be  considered 
an  acquisition,  because  the  several  opera- 
tions they  are  capable  of  performing  are 
done  on  several  distinct  machines,  but  in 
small  shops  such  types  are  much  in  request, 
since  they  will  perform  the  work  of  several 
machines. 

Self  -  acting,  Sliding,  Surfacing,  and 
Screw-cnttin^  Lathe.  Details. — On  Plate 
119  are  detailsof  a  complete  lathe  by  Messrs. 
Sir  W.  G.  Armstrong,  Whitworth  &  Co., 
Limited,  Manchester, 
Fig.  u6a.— Geat-cutting  Ind^mdmt  Four-jaw  Chuck. — A,  B,  and 

attachment.  q^  shows  three  views  of  an  independent  four- 

jaw  chuck.  In  the  front  elevation,  A,  the 
method  of  securing  the  screws  by  means  of  a  collar  and  taper  pins 
is  shown  in  section. 

Dog  Chuck. — The  next  is  a  "dog"  chuck,  D,  with  four  movable 
jaws  J  the  work  in  this  chuck  is  gripped  by  vee-thread  set-screws. 

Bell  Chuck,  Construction  and  Use, — A  chuck  made  to  hold  barrel 
work  or  similar  pieces  where  the  length  exceeds  the  diameter  is 
illustrated  in  Fig.  119  E.  This  "bell"  chuck,  E,  is  provided  with 
two  rows  of  screws  equally  spaced,  which  are  easily  adapted  to  suit 
work  of  various  diameters.  By  means  of  a  hell  chuck  short  lengths 
of  round  iron  or  steel  can  he  firmly  held  whilst  they  are  bored,  faced, 
and  screw  cut,  as  the  case  may  be.  It  would  be  possible  to  hold  these 
pieces  in  an  ordinary  jaw  chuck,  but  owing  to  the  shortness  of  the 
"  bite  "  of  the  jaws,  the  end  of  the  work  would  require  to  be  carried  by 
a  "  collar  "  or  "  centre  stay,"  to  give  a  sure  support. 

Combined  Collar  Stay  and  Drill  Rest. — This  collar  (plate)  stay,  F, 
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is  made  with  a  drill  rest  attached.    The  arrangement  is  very  convenient, 


Fig.  117. — Six-inch  tool-room  lathe. 

as  the  rest  is  used  dose  up  to  the  plate,  and  when  not  required  may  be 
swung  out  of  the  way. 
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Centre  Stay  for  Shafts. — The  centre  stay,  G,  is  used  to  suppo 
at  any  interval  along  the  bed ;  there  are  wooden  dies  to  fit  tb  _ 
usually  made  of  oak,  or  if  softer  wood  is  used,  the  stay  is  titted  ¥ 
and  drilled  and  bored  to  receive  a  steel  liner,  the  liner  being 
by  means  of  wooden  screws.  Steel-lined  dies  are  very  dura 
surface  of  which,  if  properly  cared  for,  quickly  becomes  bumist  ~ 
when  in  that  condition  there  is  no  danger  of  the  work  getting  S' 
as  the  parts  in  contact  are  always  carefully  lubricated.  See  " 
Stays  to  Lathes,"  Chapter  VII.  pp.  138. 

Double    Carriers — Ckments   Driver. — The    carriers,    H 
Fig.   119,  are  used  along  with  the  "Clements"   driver. 


Fig.  117A. — Slot -d tilling  attachment. 

to  itself,  the  diiving  pins  being  secured  to  an  oscillating  plate,  ■ 
can  move  along  a  little  distance,  and  so  equalize  the  pressure  otf 
two  ends  of  the  carrier. 

Description  of  Lathe  (Figs.  1  r8, 1 19).— Nine-inch  self-acting,  slid 
surfacing,  and  screw-cutting  lathe  with  double  geared  fast  headsn 
with  cone  pulley  and  steel  spindle,  running  in  parallel  gun-tn 
hearings.  The  sliding  and  surfacing  motions  of  the  saddle  are  obtal 
from  a  backshaft  behind  the  bed,  and  the  necessary  feed  motiol 
obtained  from  the  spindle  of  the  fast  headstock,  through  reversing  fl 
for  right  or  left  hand  sliding,  and  a  train  of  wheels  behind  the  bed] 
giving  cuts  of  8, 16,  24,  and  32  per  inch.  A  clutch  motion  on  the  fil 
of  the  rest  enables  the  sliding  or  surfacing  feeds  to  be  connected} 
at  leisure.    The  guide  screw  is  reserved  for  screw  cutting  only. 
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change  wheels  are  connected  up  at  the  end  of  the  bed  to  suit  the  various 
pitches  of  threads  to  be  cut.  Reversing  motion  on  the  back  of  the  fast 
headstoclt  enables  right  or  left  hand  threads  to  be  cut.  The  loose 
headstock  is  arranged  with  a  special  bolt  by  which  it  can  be  tightened 
up  into  position  on  the  bed  with  a  small  movement  of  the  lever.  The 
top  driving  and  strap  shifting  apparatus  is  shown  with  wall  brackets, 
but  these  are  frequently  substituted  by  ceiling  hangers. 

All  the  gear  of  these  machines  are  machine  cut  from  the  solid, 
including  bo3i  driving  wheels,  change  or  feed  wheels,  and  are  protected 
where  necessary.  We  have  not  shown  these  wheels  guarded,  as  it  would 
hide  the  mechanism. 

The  details  on  the  other  tracings  are  as  follows : — 

With  regard  to  the  fast  headstock  shown  on  this  sheet,  it  will  be 
seen  that  the  backshaft  and  the  double  gear  is  thrown  out  by  an  eccentric 
arrangement,  and  the  lock-bolt  in  the  wheel  in  the  front  of  the  cone 
pulley  can  be  pulled  out. 

The  bearings  of  the  headstocks  ate  made  of  hard  brass,  and  the 
back  bearing  is  fitted,  as  shown,  with  thrust  collars  (T),  the  lock-nuts  at 
the  rear  of  the  bearing  keeping  the  spindle  up. 

The  reversing  motion  is  shown  fairly  in  detail  in  this  view,  and  there 
are  three  positions,  one  for  right-hand,  one  for  left-hand  cutting,  and  the 
central  position,  which  disengages  the  feed  altogether.  The  spring  and 
the  taper  peg  are  used  to  define  the  relative  positions  of  these  reversing 
motions.  Self-acting  and  sliding  and  surfacing  motions,  and  the  four 
changes  of  feeds,  8,  i6,  24,  and  3a  cuts  per  inch,  are  obtained  as  shown 
on  headstock  in  plan.  There  is  a  sliding  key,  which  when  moved  along 
can  engage  in  any  one  of  the  four  sets  of  wheeb  shown.  It  can  also 
lay  in  a  position  between  any  of  these  wheels,  and  when  in  that  position 
no  motion  takes  place;  and  as  soon  as  this  key  is  slided  over  and 
engages  with  any  one  of  the  wheels,  then  motion  takes  place  on  the 
backshaft.  This  sliding  key  is  manipulated,  as  shown  in  the  front  view 
of  the  headstock  at  the  bottom  of  the  sheet. 

There  is  a  hand  wheel  in  the  front  of  the  bed,  and  this  hand  wheel 
has  pressing  against  it  a  little  pointer,  which  is  forced  outwards  by  a 
.spiral  spring.  There  are  four  recesses  on  the  back  of  the  hand  wheel, 
and  when  the  pointer  is  in  any  one  of  these  recesses,  then  the  key 
engages  with  the  other  wheels,  and  the  number  stamped  on  the  periphery 
of  the  band  wheel  indicates  it  is  geared  up  for  either  8,  16,  24,  or  32 
cuts  per  inch. 

Referring  to  the  details  of  the  saddle  and  rest  on  this  sheet,  of  which 
there  are  plan,  end  view,  and  side  elevation  shown,  it  will  be  seen  that 
the  backshaft  is  carried  in  brackets  from  the  back  of  the  saddle,  and 
this  backshaft  in  turn  drives  a  worm  wheel,  which  is  keyed  on  to  a 
pinion,  driving  a  spur  wheel  on  a  shaft,  which  runs  across  the  saddle, 
just  in  front  of  the  recess  where  the  loose  headstock  fits.  When  motion 
is  required  for  surfacing,  the  cross  handle  on  the  front  of  the  rest  is 
tightened,  and  the  effect  of  this  is  to  draw  the  worm  and  the  small 
pinion  on  to  the  cone  referred  to.  If  it  is  required  to  connect  up  the 
sliding  arrangement,  then  the  cross  handle  in  front  of  the  shaft,  on 
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which  is  keyed  a  lai^e  spur  wheel,  is  then  screwed  up,  and  there  are 
two  cones,  both  of  them  which  tighten  the  pinion  shown  in  plan ;  and 
through  this  pinion  and  spur  wheel  in  front  of  the  saddle,  and  rack 
pinion  gearing  into  the  rack  in  the  bed,  the  self-acting  shding  motion 
of  the  lathe  is  obtained.  When  motion  is  not  required  to  either  the 
sliding  or  surfacing,  the  cross  handle  is  backed  off  and  the  cones  left 
free,  consequently  the  worms  at  the  back  of  the  saddle  and  spur  wheel 
simply  revolve,  and  no  motion  takes  place.  For  the  quick  hand  traverse 
along  the  bed  a  pinion  is  fitted  on  a  little  stud  on  the  right-hand  side 
of  the  front  of  the  saddle,  and  a  lever  attached.  This  pinion  gears  into 
a  spur  wheel,  and  from  that  drives  the  rack  pinion  working  into  the 
rack  in  front  of  the  bed.  There  is  a  quick  withdrawing  motion  on  this 
rest  by  means  of  a  screwed  bush,  which  is  screwed  into  the  front  of  the 
saddle,  and  a  half-turn  of  this  bush  is  sufficient  to  withdraw  the  tool 
quickly. 

The  clam  nuts  gearing  into  the  guide  screw  are  thrown  in  and  out 
of  gear  by  means  of  the  rod  shown  on  the  left-hand  side  of  the  saddle, 
and  this  rod  through  the  lever  works  the  cam  with  eccentric  wheels  in, 
and  opens  or  closes  the  clam  nuts  on  to  the  guide  screw.  The  guide 
screw  is  supported  at  intervals  by  brackets  on  the  inside  of  the  bed. 

Two  Sets  of  Driving  Pulleys.— Vn  most  lathes  of  this  type  two  sets  of 
overhead  pulleys  are  used,  which  increase  still  further  the  range  of  speeds 
obtainable.  Where  a  variety  of  operations  are  necessary,  as  is  generally 
the  case  with  the  working  of  a  fully  equipped  lathe,  a  large  range  of 
speeds  is  convenient  to  the  different  cutting  tools. 

In  some  lathes  made  with  back  gearing  an  eccentric  shaft  is  used  to 
engage  and  disengage  the  wheel  teeth. 

IiOOBe  Headstoct^The  "  loose"  or "  movable  "  headstock  is  capable 
of  sliding  along  the  lathe  bed,  and  may  be  secured  at  any  required 
distance  from  the  fast  headstock.  A  steel  centre  is  fitted  to  the  "  poppet," 
the  point  of  which  is  in  the  same  axial  line  with  the  point  of  the  centre 
carried  in  the  fast  headstock  spindle.  Between  these  centres  the  work 
to  be  turned  is  placed.  Fig.  1 19  illustrates  a  loose  headstock  in  section. 
At  the  opposite  end  of  the  poppet  to  which  the  centre  rides,  an  internal 
square  thread  is  cut  to  receive  the  long  screw,  the  screw  being  prevented 
from  end  play  by  a  collar,  plate,  and  hand  wheel.  The  hand  wheel  is 
fitted  to  the  poppet  screw  by  a  key,  and  further  kept  in  place  by  a  nut. 

By  rotating  the  hand  wheel  the  poppet  is  extended.  This  extension 
should  always  be  as  little  as  is  convenient,  as  the  more  the  poppet  is 
extended,  the  greater  is  the  vibration  at  the  end  of  it,  and  the  less  true 
is  the  cutting  action  of  the  tool.  To  compensate  in  some  measure  for 
this  vibration  a  lock  bolt  is  fitted,  having  a  hollow  side  which  grips 
the  poppet  when  drawn  up  by  means  of  the  screw  and  nut  (handle) 
attadied. 

Another  method  is  to  slit  open  the  headstock  at  the  mouth  of  the 
hole,  and  by  having  a  projection  on  the  side  of  the  head  a  stud  is  fixed 
vertically  into  it.  A  forging,  acting  as  a  nut,  is  made  in  handle  forro 
fitting  the  stud,  then  by  tightenii^  ttie  nut  the  sht  is  partially  closed,  and 
the  poppet  is  accordingly  gripped. 
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Sellers'  Lathe. — Fig.  120  represents  an  8-in.  centre  lathe  by  Messrs. 
William  Sellers  and  Co.,  of  America,    The  motion  of  Ihe  saddle  along 


the  bed  is  by  rack  and  pinion  actuated  from  the  feed  shaft  in  front  of  lathe. 
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The  leading  screw  being  used  only  when  screws  are  to  be  cut,  is  thus 
preserved  from  irregular  wear,  and,  by  its  position,  from  damage.  At 
the  outer  end  of  the  lathe  spindle  a  friction  disc  is  placed,  which  is  put 
in  contact  with  others  on  the  swing  plate,  and  connected  with  these  discs 
is  a  lever  which  controls  the  feed  of  the  traversing  shaft  by  a  simple 
movement. 

The  fast  headstock  spindle  revolves  in  a  parallel  bearing  at  the  front 
and  a  conical  one  at  the  back.  To  prevent  end  motion  of  the  spindle, 
a  hardened  steel  ring  is  secured  to  it,  which  is  confined  between  a 
hardened  steel  thrust  collar  and  the  end  of  the  back  bearing.  All  the 
pans  are  confined  in  an  oil  box  to  insure  constant  lubrication. 

The  Loose  Head- 
stock. — Fig.  izi  is 
a  sectional  elevation 
which  shows  the 
construction  to  be  of 
a  special  character. 
The  lever  near  the 
hand  wheel  controls 
the  movement  of  the 
poppet  by  clamping 
it  concentrically  in 
two  places  (see  Fig. 
lao,  where  lever  is 
moved  into  a  vertical 
position).  The  upper 
part  is  adjustable  for 
taper  turning.  The 
mider  V-clamp  serves 
as  a  sure  grip  to  the 
headstock,  and  is 
actuated  by  means 
of  a  lever  instead  of 
a  wrench. 

Steel      Spindle. 

Fig.  121.— Loose  hradslock.  Hardened  Necks  to  be 

ground.  —  The   lathe 

spindle  is  made  from  a  steel  forging  by  turning  it  marJy  down  to  proper 

dimensions;  then,  after  hardening,  it  is  finished  by  grinding. 

£ffecl  of  Warping.—Vae  bearings  are  similarly  treated  so  that 
absolute  truth  is  obtained,  a  feature  almost  unattainable  before  the 
practice  of  grinding  with  small  emery  wheels  was  established.  We  have 
seen  bearings  with  forty  years'  wear  on  them,  with  portions  of  their  surface 
still  black  from  the  effects  of  hardening.  This  proved  that  the  material 
was  good,  also  that  it  was  thoroughly  hardened,  but  the  warping  pro- 
duced by  the  above  process  could  not  be  corrected  even  by  years  of  wear. 
Compensation  far  W^mr.— Referring  to  Fig.  ii8,  the  conical  necks 
of  the  spindle  are  compensated  as  wear  takes  place,  by  drawing  them 
further  in  contact  with  their  respective  bearings. 
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Function  of  Lock  Nuts. — This  is  effected  by  tightening  up  the  lock 
nuts  at  the  outer  end  of  the  back  bearing.     When  properly  adjusted. 


there  is  no  appreciable  axial  movement  of  the  spindle  if  care  is  taken  to 
have  the  lock  nuts  screwed  tightly  against  each  other  as  well  as  the  cone. 
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■  Function  of  Thfust  Fin.—'The  extreme  face  of  the  spindle  end  is 
also  pressed  against  by  a  thrust  pin,  the  idea  being  that,  as  the  conical 
necks  of  the  spindle  wear,  such  wear  will  be  met  by  the  hardened  face 
of  the  thrust  pin. 

This  arrangement  is  extremely  sensitive,  but  when  properly  adjusted 
and  carefully  attended  to,  it  is  probably  the  best  method  of  driving  a 
small  lathe  spindle. 

Ova/  Bearings. — The  hs/  of  conical  bearings  will  work  oval  if 
allowed  to  get  loose,  and  then  no  amount  of  adjustment  will  restore 
them  to  truth. 

Pulley  and  Ply-wheel  Lathe.— The  lathe  illustrated  in  Fig.  H2  is 
specially  built  to  turn,  bore,  and  face  pulleys  or  fly-wheels.  A  tool  rest 
is  located  on  each  side  of  the  lathe,  which  may  be  actuated  automatically 
or  by  hand. 

These  slide  rests  are  secured  to  separate  standards,  which  are  capable 
of  transverse  adjustment  by  the  screw  shown  at  the  centre  of  bed ;  thus 
admitting  pulleys  or  fly  wheels  up  to  5  ft,  4  in.  diameter.  A  forming 
arrangement  is  carried  on  the  upper  part  of  the  standards,  into  which  a 
stud,  attached  to  the  slide  rest,  may  travel.  When  this  is  engaged,  the 
face  of  the  pulley  is  rounded.  While  the  pulley  is  being  operated  on  by 
two  cutting  tools  acting  on  the  face,  a  boring  bar  is  used  and  fed 
automatically  to  bore  the  hole  to  standard  size.  One  end  of  the  boring 
bar  is  passed  through  a  bushing  in  the  fast  headstock,  which  gives  to 
it  increased  rigidity,  and  therefore  coarser  feeds  can  be  given  than  is 
the  case  with  a  bar  supported  only  at  one  end.  The  face  plate  carries 
special  drivers,  which  are  provided  with  clamps  to  grip  the  arms  of 
pulleys  whilst  they  are  machined. 

Duplex  Axle  Lathe. — Axles  for  railway  carriages,  waggons,  etc.,  are 
turned  in  a  special  lathe,  which  is  fitted  with  two  movable  headstocks 
and  two  traversing  saddles.  The  saddles  are  actuated  by  independent 
leading  screws,  each  being  driven  by  a  headstock  fitted  in  the  centre  of 
the  bed.  The  driving  shaft  passes  from  the  speed  cone  to  the  central 
headstock,  thereby  communicating  a  positive  drive  to  the  middle  of  the 
axle,  and  at  the  same  time  to  a  powerful  eccentric,  which  is  situated 
at  the  opposite  side  of  the  headstock  to  the  Clements  driver. 

By  referring  to  Fig.  123,  it  will  be  seen  that  an  axle  may  be  placed 
between  the  headstock  centres  and  turned  in  each  journal  at  the  same 
time.  This  type  of  lathe  is  known  as  a  "  treble-geared  duplex-axle 
lathe." 

Double  Railway  Wheel  Lathes. — The  lathe  represented  in  Fig. 
124  is  constructed  specially  to  turn  or  bore  two  railway-engine  wheels 
at  the  same  time,  and  will  take  in  driving  wheels  up  to  8  ft.  diameter. 
It  is  obvious,  when  these  lathes  are  operating  on  the  faces  of  two 
steel  driving  wheels,  all  the  working  parts  are  put  to  the  test  as  to 
strength  and  rigidity.  The  bed,  which  is  of  box  section,  is  cast  in  one 
piece,  and  touching  the  floor  line  throughout  its  length,  is  the  basis  of 
support  for  the  huge  headstocks  and  saddles.  It  will  be  noticed,  by 
referring  to  Fig.  124,  that  the  driving-cone  shaft  at  its  outer  end  has 
a  shrouded  pinion,  which  meshes  with  a  large  spur  wheel,  whose  axis 
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is  the  main  driving  shaft,  and  which  shaft  runs  the  whole  length  or  the 
lathe  bed. 

On  the  driving  shaft  are  two  sleeve  pinions,  which  operate  the  large 
spur  gears  attached  to  the  right-band  and  left-hand  face  plates  respec- 
tively. The  sleeved  pinions,  which  carry  feather  keys,  are  operated  by 
a  clutch  and  lever,  to  be  put  in  or  out  of  gear  as  required.  Beneath  the 
right-hand  headstock  (which  is  a  fixture)  another  pinion  is  housed, 
which  may  be  engaged  with  an  internal  gear  at  the  back  of  face 
plate. 

By  using  the  internal  gear  the  lathe  is  run  at  a  much  quicker  speed, 
which  is  suitable  for  boring  or  bossing  a  wheel. 

Thus  these  duplex  lathes  may  be  engaged  as  above,  or,  if  required, 
one  headstock  may  be  used  to  bore  or  turn  a  tyre  on  its  face  plate, 
whilst  the  other  may  be  run  at  a  high  speed  for  boring  or  bossing 
wheels. 


Fio.   125. — l2-in.  High-speed  lalhe. 

The  compound  slide  rests  can  be  swivelled  into  any  position,  and 
fed  automatically  by  ratchets  and  pauls  from  an  overhead  shaft. 

Each  face  plate  carries  four  gripping  jaws  for  chucking  tyres  and 
wheels,  and,  in  addition,  two  drivers  for  work  carried  between  the 
centres. 

The  headstock  at  the  right  is  movable  along  the  bed,  and  is  fitted 
with  a  shding  poppet,  as  in  ordinary  lathes.  In  some  cases  an  extra 
pair  of  slide  rests  are  used;  then  the  cutting  tools  are  placed  in  an 
inverted  position  to  meet  the  work  as  it  revolves  in  an  upward 
direction, 

18-ill.  Centre  Latbe. — The  lathe  shown  in  Fig.  125  has  been 
designed  to  turn  at  the  high  rate  of  speed  and  feed  which  is  now 
obtainable  by  the  use  of  a  special  kind  of  air-hardening  tool  steel. 

It  will  be  observed  that  the  proportions  of  the  sliding  and  revolving 
parts  are  made  larger  so  as  to  give  strength  and  rigidity  to  the  tool 
when  heavy  cats  are  taken. 
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The  feeding  is  done  through  gears  which  are  located  in  a  box  in 
front  of  bed,  and  range  from  4  to  32  cuts  per  inch^that  is  to  say,  an 
alteration  of  the  lever  shown  in  front  of  the  fast  headstock  causes  a 
pinion  to  slide  on  a  shaft  until  it  gears  with  one  or  other  of  a  small 
train  of  wheels,  directly  operated  by  gears  which  receive  their  motion 
from  the  lathe  spindle ;  thus,  a  positive  drive  is  always  obtained  without 
the  removal  of  the  wheels  from  their  respective  positions  on  their 
shafts. 

The  dimensions  of  the  headstock  are  exceptional  for  a  12-in.  lathe, 
which  accounts  to  a  great  extent  for  the  power  obtained.  This  is 
obvious  if  we  consider  the  sizes  of  the  spindle  and  its  bearings,  and 
the  dimensions  of  the  speed  cone.  The  front  bearing  is  8^  in.  long 
to  receive  the  spindle  whose  journal  is  6  in.  diameter,  while  the  cone 
is  made  for  a  4-in.  wide  belt,  the  smallest  diameter  being  13  in.  and 
the  largest  28  in.  diameter. 


Fig.  i26.^Sleel  sliaving  cut  at  120  ft.  per  minute. 

These  proportions  are  much  in  excess  of  those  found  in  ordinary 
12-in.  centre  lathes,  and  are  of  the  latest  Anglo-American  practice.  It 
is  interesting  to  note  that  20  to  25  ft,  per  minute  was  considered  a 
good  rate  for  a  lathe  to  operate  on  a  shaft  of  iron  or  mild  steel. 

The  cutting  shown  in  Fig.  ij6  was  removed  from  a  shaft  at  the 
rate  of  120  ft.  per  minute  in  the  above  lathe,  which  is  manufactured  by 
Messrs.  Dean,  Swift,  and  Grace,  of  Keighley. 

Laser's  12-iii.  Centre  Lathe. — Fig.  127  shows  a  powerful  lathe  of 
12-in.  centre,  made  with  an  extended  base  to  give  a  rigid  support  to 
the  bed  when  heavy  cuts  are  taken.  The  fast  headstock  spindle  is 
made  of  hard  crucible  steel,  and  is  ground  to  fit  parallel  gun-metal 
bearings.  The  feed  motion  is  obtained  by  moving  the  lever  shown 
below  the  fast  head.  This  enables  the  workman  to  change  the  rate  of 
sliding,  or  surfacing  feed,  without  stopping  the  lathe  or  withdrawing 
the  tool  from  the  work.     The  loose  head  is  fitted  with  a  transverse 
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slide  for  setting  the  centre 
in  perfect  alignment,  or  for 
taper  tuming.  The  gears 
and  racks  are  machine-cut, 
as  are  the  teeth  of  the 
change  wheels. 

8-ft.  Pace-plate 
Lathe.— The  two  illustra- 
tions (Figs.  128  and  129) 
represent  a  powerfully  built 
tool  designed  for  tuming 
fly-wheels.  The  face  plate 
is  8  ft.  in  diameter,  hotted 
to  a  flange  forged  on  the 
end  of  the  spindle.  The 
latter,  which  is  of  steel, 
runs  in  parallel  gun-metal 
hearings  9  in.  in  diameter 
in  front,  and  8  in.  in 
diameter  at  back.     At  the 

V  back  of  the  face  plate  an 
n     annular  ring  is  bolted,  the 

.  internal   rim    of   which    is 

•?  provided  with  teeth,  form- 

Y  ing  a  gear  of  5  ft.  8  in. 
J^  diameter.  A  long  spindle, 
2  parallel  to  the  main  spindle, 
^  carries  the  step  cone  and 
^  back    gearing.      The    face 

plate  makes  one  revolution 
for  eighty-five  of  the  cone 
pulley. 

There  are  three  slide 
rests  on  pillars  arranged  as 
shown  in  Fig.  raS;  the 
central  one  is  used  when 
boring  is  being  done,  while 
the  other  two  are  working 
on  the  wheel  face  and  sides. 
The  cutting  tool  on  the 
furthermost  rest  has  to  meet 
I  the  object  as  it  rotates  up- 
wards, therefore  it  is  fixed 
in  an  inverted  position. 

Each  outer  rest  is  fitted 
with  a  curvilinear  motion 
for  tuming  convex  rims, 
while  the  central  rest  is 
operating  on  the   bore  or 
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hub  of  the  wheel — that  is  to  say,  the  three  rests  may  be  engaged  simul- 
taneously or,  if  desired,  independently. 

The  rests  are  fitted  with  a  variable  feed  gear  of  ^  in.,  ^  in.,  5  in., 
and  J  in.  respectively,  the  prime  mover  of  which  is  located  in  a  box 
near  the  base,  consisting  of  four  pairs  of  gear  wheels ;  this  receives  its 
motion  from  a  vertical  shaft  which  is  driven  by  bevil  gearing,  driven 
directly  from  the  reversing-motion  shaft  shown  at  back  of  headstock 
in  Fig.  129. 

Thus,  from  the  base  of  the  lathe,  a  system  of  bevel  gears  transmit 
motion  along  the  various  shafts  directly  to  each  of  the  three  rests. 


Fig.   isS. — g-fl.  I,athe  for  taming  fly-wheels. 

This  application  of  the  change-feed  gear  is  very  good,  working  as 
it  does  on  a  sliding  feather;  it  is  easy  of  adjustment,  and  self-contained. 

The  chains  originally  used  were  made  to  actuate  a  lever  and  catch, 
at  the  end  of  each  rest  screw ;  these  received  their  motion  from  an 
overhead  shaft,  and  on  this  account  were  more  or  less  troublesome. 
It  should  be  mentioned  that  when  this  type  of  lathe  is  at  work,  the 
pillars  do  not  move  along  the  bed,  but  the  slide  rests  which  carry  the 
cutting  tools  alone  move. 

When,  however,  it  is  necessary  to  turn  fly-wheels  of  smaller  diameter, 
the  holding-down  bolts  are  released,  and  the  frames  on  which  the  pillars 
rest  are  moved  to  the  required  position ;  while  wheels  of  ii 
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wider  dimension  can  be  set  for  by  simply  moving  the  position  of  the 
pillars  carrying  the  rests,  these  being  moved  by  the  screws  shown  at 
the  end  of  each  frame. 

In  a  face  lathe  the  entire  weight  has  to  be  supported,  and  the 
strains  set  up  by  the  cutting  tool  have  to  he  taken  by  one  headstock 
alone.     It  has  therefore  to  be  of  sufficient  strength. 

Break  Lathe. — Break  lathes  are  made  with  their  beds  adjustable. 
This  type  of  lathe  is  convenient  for  boring,  and  for  turning  pieces 
which  will  not  "  swing  "  in  an  ordinary  gap  lathe. 

The  fast  headstock  is  carried  on  a  standard  with  a  projecting  base 


FiQ.  129. — 8-ft.  Lslhe  for  luming  fly-wheels. 

plate,  which  passes  beneath  the  bed  supporting  it  for  a  considerable 
distance.  A  long  screw  is  fitted  beneath  the  bed  and  headstock  to 
give  the  necessary  sliding  motion,  the  nut  being  carried  by  the  bed. 

The  movable  bed  is  adjusted  so  as  to  clear  the  work  as  required, 
and  is  then  secured.  Some  of  the  largest  break  lathes  are  fitted  with  a 
portable  pillar  rest.  On  the  face  plate  in  these  lathes  large  fly-wheels 
can  be  turned  and  bored  simultaneously. 

Break  lathes  are  measured  similarly  to  ordinary  lathes ;  thus  a  20-in. 
break  lathe  is  one  which  will  swing  work  40  in.  diameter  over  the  top 
of  the  bed.  When  the  bed  is  set  back,  however,  the  lathe  will  accom- 
modate pieces  7  or  8  ft.  diameter. 
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Hendey  Horton  Lathes. — ^The  arrangement  of  "  change  wheels "  is 
different  to  that  adopted  by  British  machine-tool  makers.  In  this  lathe 
there  are  12  change  wheels  keyed  to  the  leading  screw,  the  wheels  being 
encased  in  a  box.  On  a  sleeve  another  pinion  is  carried  which  may  be 
slid  along  its  shaft,  the  shaft  being  located  beneath  the  leading  screw. 
An  intermediate  wheel  carried  by  this  mechanism  is  pivoted  so  as  to 
engage  with  the  change  wheels  on  the  leading  screw. 

In  this  way  the  ratio  of  the  revolutions  of  the  guide  screw  to  that 
of  the  lathe  spindle  is  obtained  without  the  trouble  of  removing  the 
wheels  from  their  axis.  The  driving  wheels  at  the  end  of  the  head- 
stock  are  altered  only  when  the  screw  to  be  cut  is  one  outside  the 
limit  of  the  twelve  wheels  on  the  screw  end. 

Turning  by  means  of  a  Nest  of  Gears. — The  turning  dbne  in  these 
lathes  is  by  means  of  these  gears,  but  in  this  case  a  finer  train  at  the 
outside  is  used.  When  turning,  as  in  screw  cutting,  there  is  the  same 
range  of  twelve  speeds,  which  is  very  convenient  where  a  limited  variety 
of  work  is  to  be  done. 
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LATHE  APPLIANCES. 

Lathe  Centres. — Lathe  centres  are  made  of  crucible-cast  steel  of  a  high 
grade.  After  annealing,  the  steel  may  be  turned  to  fit  a  standard  taper 
hole,  the  plug  of  which  is  used  to  test  the  centre  holes  in  all  lathe  spindles 
and  poppets  under  construction.  Centres  thus  made  are  perfectly  inter- 
changeable for  all  lathes  of  a  given  size. 

A  complete  set  of  centres  for  an  ordinary  lathe  consists  of  a  pair  of 
conical  points  (Fig.  130),  a  square  centre  (Fig.  131),  or  a  countersink 
(Fig.  132),  and  a  half  centre  (Fig.  133). 

A  general  screw-cutting  lathe  requires,  in  addition,  centres  of  a 
much  reduced  diameter  (Fig.  134),  also  centres  of  more  than  the 
usual  length. 

Work  which  has  been  turned  to  a  conical  point  is  supported  on  a 
centre  similar  to  Fig,  135,  and  in  some  heavy  lathes  the  poppets  are 
fitted  with  oil-grooved  centres  similar  to  Fig.  136. 

At  present  a  uniform  angle  of  centre  point  has  not  been  adopted  in 
British  workshops.  For  heavy  work  we  generally  find  centres  made  to 
an  angle  of  90  .  Small  work  is  often  centred  to  75°,  while  in  Anglo- 
American  lathes  the  centres  are  usually  turned  to  60°  (see  "Slocomb's" 
drill  and  counter-sink  combined  (Fig.  137).  There  is  also  a  growing 
desire  for  centre  shanks  to  be  standardized,  similar  to  twist  drills,  i.e. 
to  the  Morse  taper  (see  Morse  table). 

When  this  is  adopted,  twist  drills,  reamers,  and  all  fluted  tools  can 
be  carried  equally  in  the  poppet  and  fast-headstock  spindle  of  the  lathe, 
as  well  as  in  the  milling  and  drilling  machines.  This  will  also  be  of 
service  in  boring  fixed  work  on  a  lathe  saddle,  and  for  many  pieces 
carried  in  ordinary  jaw-chucks. 

Hand  reamers  will  then  be  used  only  in  such  work  as  cannot  be 
conveniently  tooled  in  one  or  other  of  the  above  machines. 

It  is  important  to  have  all  centres  turned  and  kept  strictly  true  to 
one  definite  angle,  where  work  has  to  be  passed  from  one  lathe  to 
another.  Thus  a  set  of  mandrels,  originally  made  with  their  centre 
holes  all  alike,  will  soon  be  spoilt  in  a  shop  where  all  the  lathe  centres 
are  timied  up  to  different  angles. 

Lathe  centres  quickly  lose  their  points  if  not  carefully  used;  they 
are  then  useless  for  small  work. 

A  beginner  must  work  at  a  lathe  some  time  before  he  can  understand 
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how  much,  and  how 
often  adjustment  must 
be  given  to  the  poppet 
centre  to  prevent  it  from 
binding  the  revolving 
work  too  hard.  Although 
the  pressure  may  be 
correct  at  first,  it  quickly 
increases  as  the  work 
becomes  heated'  and 
expands. 

The  proper  adjust- 
ment depends  upon :  (i) 
the  depth  of  the  ait; 
(a)  the  rate  of  feed  and 
speed;  (3)  the  diameter 
of  the  work ;  (4)  the 
shape  of  the  tool;  (5) 
the  amount  of  lubricant. 
Lathe  centres,  when 
worn,  are  now  re  trued 
by  emery  wheels.  This 
method  has  many  ad- 
vantages; it  is  unneces- 
sary to  soften  the  centre 
points,  and  the  danger 
of  the  true  but  soft 
centre  warping  during 
the  hardening  process  is 
obviated. 

Centre  Truelng  Ua- 
oMne. — Fig.  138  repre- 
sents a  centre  grinding 
appliance  by  Messrs. 
Luke  and  Spencer, 
Broadheath,  Manchester. 
The  emery  wheel  is 
driven  by  a  belt  as 
follows  :— 

A  grooved  pulley,  P, 
screwed  to  the  spindle 
nose  carries  a  gut  band, 
which  passes  over  the 
guide  pulley  GG  to  a 
small  pulley  P,  at  the 
opposite  end  of  whose 
spindle  is  located  the 
emery  wheel  E.  The 
stem  of  T  fits  into  the 


Fig.  133. — Half  centre. 


nr> 


Fig.  134. — Reduced  w 


Fig.  136. — Oil  groove  c( 
Fiij.  137. —  Combined  drill  and  countersink. 
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upper  part  of  the  arm  A,  and  is  capable  of  a  vertical  adjustment  to 
suit  the  gut  band  D. 

When  the  correct  position  of  T  has  been  obtained,  collar.  C  is 
secured  by  a  set  screw  In  such  a  position  as   to  compress  the  coil 


FiC,  138.— Centre-ltoing  machine. 

Spring  S,  The  holder,  H,  is  fitted  in  the  tool  rest,  and  the  emery 
wheel  is  fed  by  means  of  the  slide  rest  across  the  conical  point  of  the 
centre.  The  wheel  revolves  at  a  high  rate  of  speed,  and  will  resharpen 
a  lathe  centre  in  a  few  minutes. 
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Ijathe  Centrea  and  their  Uaea.  Square  Centering. — When  the 
apptoximate  position  of  the  centre  has  been  obtained  on  a  piece  of 
work  -which  is  to  be  turned,  a  small  hole  is  made  in  its  surface  by 
means  of  a  centre  punch.  The  work  is  then  mounted  in  the  lathe, 
and  "square  centred."  A  centre  having  four  flats  filed  to  meet 
at  sharp  corners  is  fixed  in  the  loose-head  poppet,  the  poppet 
being  out  as  lUtk  as  practicable  to  prevent  leverage  or  vibration. 
An  elbow  rest  is  fixed  in  the  tool  rest,  and  the  work  made  to 
revolve. 

The  rest  is  gently  pressed  against  the  work  as  it  revolves  at  a  high 
speed,  and  the  square  centre  made  to  advance  until  a  hole  has  been 
made  suitably  deep.  The  rest  and  the  centre  are  lubricated  either  with 
soapy  water  or  oil. 

When  a  satisfactory  centre  for  the  work  has  been  obtained,  it  is  well 
to  withdraw  the  rest,  and  allow 
the  square  centre  time  to  correct 
any  small  error  in  the  roundness 
of  the  hole,  which  is  caused  by 
irregularities  on  the  work's 
surface. 

A    spiral  groove,    instead    of 

flat  facets,   is   sometimes    made 

on  the  conical  point  of  the  centre 

or  one    similar  to    Fig.    132    is 

used.     After  the  centre  hole  has 

been  made  a  small  drill  is  used 

to  take  out  the  bottom   of  the 

Fig.   139.— Portable  centerine  appliance.       conical  hole,  to  protect  the  points 

of  the   lathe  centres  afterwards. 

A  small  tool   is  now  largely  used,  which   drills  and  centres  at   one 

operation,  but  these  are  limited  to  small,  tight  work  (Stocomb's  patent. 

Fig.  136). 

Instead  of  lifting  heavy  shafts  into  a  lathe  to  be  centred,  a  small, 
portable  centering  machine  is  used  (Fig.  139). 

The  machine  grips  the  shaft  by  a  vee  chuck  moved  by  set-screws 
on  each  side  of  the  jaws.  The  small  drill  is  then  fed  into  the 
shaft  by  means .  of  gears  actuated  by  the  hand  wheel  shown.  This 
machine  is  made  by  Messrs,  George  Ricfiards  &  Co,,  Broadheath, 
Manchester, 

To  obtain  a  perfectly  smooth  and  accurately  shaped  hole,  a  centre, 
having  half  the  cone  removed,  is  found  very  effectual  (see  Fig.  132). 
The  hole  is  quite  burnished  by  the  fitting  portion  of  the  cone.  In 
all  work  done  between  the  centres  of  a  lathe  the  ends  should  be 
faced  before  turning  any  other  part,  otherwise  the  centre  hole  will  wear 
unequally. 

A  centre  with  a  little  less  than  half  the  cone  filed  away  is  used  when 
facing  is  being  done,  so  that  the  tool  may  cut  freely  down  the  face  to 
the  edge  of  the  centre  hole ;  the  cut-away  portion  is  sometimes  extended 
so  fat  as  that  shown  in  Fig.  133,  and  is  called  a  "half  centre,"     This 
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centre  is  also  useful  when  cutting  small  screws,  especially  those  having 
square  threads,  left-hand  pitch,  in  which  case  the  cutting  tool  has  to  clear. 
Instead  of  the  half  centre,  centres  of  very  small  diameter  are  frequently 
used  for  screw-cutting  slender  shafts  (see  Fig.  134). 

These  centres  are  so  small  that  the  screw-cutting  tool,  when  set  to 
the  smallest  diameter  of  the  screw,  clears  the  largest  diameter  of  the 
centre.  In  some  cases  an  old  centre  is  drilled  through,  and  a  piece  of 
steel  is  used  of  a  small  diameter  to  act  as  a  centre  for  the  above  class 
of  work. 

Columns  and  pipes  are  faced  in  lathes  having  huge  centres  of  cast 
iron,  which  are  bored  to  fit  steel  shanks,  on  which  they  rotate.    These 


Fig.  140. — Kevolving  centre. 

conical  castings  are  made  in  a  variety  of  sizes  to  suit  different  cored 
holes  in  the  columns  or  pipes. 

Where  the  pip^s  are  of  a  fixed  diameter  solid  centres  are  sometimes 
used,  but  these  are  not  so  good  as  those  which  revolve  with  the  work ; 
For  it  is  obvious  that  as  large  cored  holes  are  invariably  rough  and 
irregular  at  the  mouth,  a  fixed  centre  is  certain  to  get  worn  and  scored 
with  the  sand  and  scale. 

Berolving  Ceiitre.^To  further  reduce  friction,  a  revolving  centre 
fitted  with  ball  bearings  has  been  devised  by  Mr.  Charles  Taylor, 
Birmingham  (Fig.  140).  It  will  be  seen  that  the  front  part  A  revolves 
with  the  work,  thereby  reducing  the  cutting  or  wearing  away  of  the  centre 
when  a  hollow  body  is  being  turned. 
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The  pressure  is  taken  by  a 
row  of  balls,  which  revolve  in 
a  race  in  BC,  which  is  of  tool 
steel,  hardened  and  ground  to 
the  correct  angle.  The  ring  B 
is  secured  to  the  front  part  A 
with  which  it  revolves  ;  the  ring 
C  is  firmly  attached  to  the 
shank  D,  which  is  fitted  (o  the 
loose  poppet  in  the  lathe  head- 
stock.  The  parts  A  and  D  are 
heid  together  by  the  screw  E, 
F  being  an  additional  scieW  to 
prevent  dirt  accumulating  round 

screw  E.     GG  are  hard  fibre  .     '^"='  ''•'■ 

packing. 

Jaw  Chucks. — Jaw  chucks 
are  of  two  main  kinds :  In- 
dependent chucks,  where  each 
jaw  moves  separately;  Uni- 
versal chucks,  where  the  jaws 
move  simultaneously  to  or  away 
from,  the  Centre.  The  former 
are  used  on  the  heavier  classes 
of  work  and  such  as  is  of  an 
irregular  outline ;  the  latter,  for 
holding  circularly  shaped  pieces 
of  work,  such  as  wheels  which 
have  to  be  bored. 

The  combination  jaw  chuck  t'l'i.  142- 

illustrated  in  Figs.  141-144  can 
be  used  both  as  an  independent 
and  as  a  universal  chuck.  In 
the  sectional  view  of  Fig.  142 
an  annular  ring,  having  teeth 
cut  on  one  face,  is  seen  to 
engage  with  bevel  wheels  on 
the  screws,  which  actuate  the 
four  jaws,  so  that  any  move- 
ment given  to  one  screw  is  ■ 
transmitted  to  the  other  three. 
Thus  a  universal  chuck  is  ob- 
tained when  the  annular  ring 
engines  the  bevel  wheels. 

When  the  jaws  are  to  be 
used  independently,  the  pinions  ^10.  143.  -Combination  jaw  chuck, 

and  annular  gear  are  unmeshed. 

This  is  done  by  moving  the  steel  shoes  attached  to  the  thumb-nuts, 
passing  through  the  slots  in  shell  (Fig.  141)  by  means  of  a  guide  into  the 
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pockets  into  the  loose  ring,  upon  which  the  annular  gear  rests.     This 
movement  allows  the  gear  to  drop  away  the  pinions. 

To  return  the  connections,  the  outer  end  of  each  jaw  is  set  exactly 
on  to  the  circular  line  around 
the  face  of  the  chuck  (see  Fig. 
144),  and  the  steel  shoes  are 
moved  up  the  incline,  out  of  the 
pockets  in  the  loose  ring  by 
means  of  the  thumb-nuts  before 
alluded  to. 

Fig.  143  shows  the  method 

I  of   reversing   the  jaws   of    this 

chuck.     By  the  removal  of  two 

'  screws  in    each   jaw   the   upper 

portion  is  at  once  liberated,  and 

may  be  reversed. 

This  is  obviously  better  than 

unseating  the  whole  jaw  from  its 

,,  .       w      ■       I,    1  screw,  as  is  usually  done.     This 

tlU.  144.— Lniversallqur-iftw  chuck.  l      1      ■      .l  ...       r    hi- 

chuck  IS  the  patent  of  Messrs. 

E.  Horton  and  Son,  Con.,  U.S.A. 

Two-jaw  Chucks. — These  are  used  for  holding  work  such  as  valves 

and  brass  cocks,  which  cannot  be  held  in  three-jaw  chucks.  Three 
chucks  of  this  type 
are  shown  in  Figs. 
145.  146.  147-  Fig. 
145  represents  a  two- 
jaw  chuck  made  with 
a  box  body  and  uni- 
versal jaws.  The  boss 
is  cast  on  the  body. 
The  chucks  illustrated 
in  Figs.  146,  147  are 
made  without  a  boss. 
They  are  secured  to 
the  catch-plate  of  the 
lathe.  A  slip  jaw  of 
hard  steel  secured  by 
a  dovetail  joint  is 
seen  in  Fig.  145. 
The  chuck  illustrated 
in  Fig.  146  is  pro- 
vided with  a  central 
vee  groove  for  hold- 
FiG.  i45.-Two-iaiy  chuck.  '"8  ^^^^^   Or  square 

stock,  drills,  reamers, 

or  laps.     The  screw  is  located  at  one  side  of  the  jaws,  thus  enabling  it 

to  be  used  on  hollow  spindle  machines. 

Drill  Chncks. — Drill  chucks  are  used  in  holding  small  drills,  both  in 
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the  drilling  machine  and  the  lathe. 
drills  from  ^  in.  to  \  in.  dia- 
meter is  self-centering,  the  two 
jaws  being  actuated  by  a  right  and 
left  hand  screw  (Figs  148-149.) 
The  body  of  the  chuck  is  com- 
posed of  one  piece  of  metal,  in 
which  holes  are  bored  to  receive 
the  screws  and  jaws.  The  teeth 
on  the  bite  of  the  jaws  are  con- 
structed to  overlap,  so  that  a  drill 
of  small  dimensions  can  be  held 
with  the  same  truth  as  one  of 
a  larger  size. 

(i)  All  parts  are  made  of 
hardened  steel,  and  the  bearing 
surface  of  the  jaw  is  laige,  so 
that  the  drill  is  firmly  gripped- 

{t)  This  chuck  is  a  great 
improvement  on  the  old  "  set- 
screw  "  chuck,  which  would  only 
take  drills  whose  shanks  were 
of  one  diameter.  The  "  Little 
Hercules "  chuck  has  three  jaws 


The  "Horton"  chuck  suitable  for 


Flo,  146.— Two-jaw  chuck. 


Fig.  147. — Two-jaw  chuck. 
which  rotate  eccentrically  in   such  a  manner  as  to  make  the  chuck 
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self-gripping.  The  largest  drill  admitted  is  i^n  in.  diameter,  while  the 
diameter  of  the  chuck  is  43  in.  Other  notable  chucks  are  "  Westcott's  " 
I.itlle  Giant,  a  powerful  tool  adapted  to  both  round  and  square  shanks, 
up  to  5  ill.  diameter.  For  small  work  "  Cushman's,"  "  Acme,"  and 
"  Boss  "  drill  chucks  ate  serviceable  tools. 

Railway-wheel  Chucke. — Railway  wheels  are  turned  in  a  jaw  chuck 
which  is  made  up  of  four  iron  castings,  each  of  the  castings  being  fitted 
with  a  screw  and  movable  steel  jaw,  and  secured  by  strong  bolts  to  the 
driving  plate  of  the  lathe.  This  chuck  has  two  advantages  :  any  part 
needing  repair  is  easily  removed,  and  only  one  driving  plate  is  needed, 
since  the  javfs  and  frames  can  be  removed  when  turning  instead  of 
boring  has  to  be  done. 

Staeajth  of  Lathe  Plates. — In  the  past,  driving  plates  have  usually 


KiGs.  148-149.— Drill  chucks. 

been  too  light  and  weak.  This  error  is  now  being  corrected  by  many 
modern  tool  makers. 

When  a  face  plate  has  been  distorted  by  holding  untrue  work,  so  as 
to  have  a  permanent  set,  the  only  remedy  Is  to  take  a  cut  off.  This 
leaves  the  plate  weaker  than  before.  Large  plates  are  specially  liable 
to  be  distorted.  As  every  "trueing  up"  further  weakens  the  plate,  it 
is  essential  that  it  should  in  the  first  instance  be  made  stout  enough  to 
stand  the  stresses  it  may  be  subjected  to  without  springing  or  warping. 

UandrelB. — A  mandrel  is  a  truly  turned  rod  or  shaft  upon  which 
articles  that  have  been  bored  are  mounted  to  be  turned  or  milled. 
It  is  obviously  essential  that  a  mandrel  should  accurately  fit  the  work 
it  supports,  without  any  springing  or  bending.  The  best  material  of 
which  to  make  mandrels  up  to  2-in,  diameter  is  crucible  cast  steel. 
Above  2-in.  diameter  mild  steel  is  suitable.  '  Some  large  mandrels 
are  made  of  cast  iron,  in  which  case  the  ends  are  faced  with  steel. 
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Standard  mandrels  may  be  purchased  in  sets  ranging  from  ^in.  to  6-in. 
diameter. 

How  to  make  a  Mandrel. — The  following  are  the  principal  points  to 
be  observed  in  making  a  mandrel : — 

The  steel,  having  been  cut  into  suitable  lengths,  is  annealed.  The 
pieces  are  next  faced  in  the  lathe  so  as  to  be  slightly  hollow  at  each 
end.  The  centre  holes  are  then  square-centred,  and  a  small  drill  passed 
down  the  root  of  each,  say  to  a  depth  of  ^  in.  or  \  in.  This  small  hole 
preserves  the  point  of  the  lathe  centre  from  being  worn  away. 

The  mandrel  is  next  turned  down  to  about  ^  in.  above  the  finished 
size,  and  further  reduced  at  the  ends  to  receive  a  lathe  carrier. 

A  fiat  is  milled  or  shaped  on  each  reduced  portion  for  the  carrier 
screw  point  to  bear  on. 

The  next  process  is  to  harden  the  faces  of  the  mandrels,  this  being 
done  to  protect  the  centre  boles  from  damage,  and  to  reduce  friction 
when  the  mandrel  is  revolving  in  the. lathe.  After  being  hardened,  the 
maodrel  is  mounted  in  the  lathe  and  finished  by  being  turned  or  ground 
parallel  for  a  suitable  distance  (according  to  the  length  of  the  work)  to 
the  standard  size,  the  remaining  portion  being  left  a  little  In  excess  by 
a  gradual  taper.  This  slight  increase  in  diameter  serves  to  secure  the 
work  when  the  mandrel  is  forced  into  it 

It  is  very  important  to  test  the  truth  of  the  mandrel  both  before  and 
after  the  work  is  mounted.  Too  much  care  cannot  be  given  to  this 
particular  by  apprentices  and  students.  Mandrels,  as  a  rule,  are  caused 
to  revolve  eccentrically  for  one  or  more  of  the  following  reasons  :— 

{a)  By  neglecting  to  protect  the  centre  hole  when  the  mandrel  is 
driven  into  the  work. 

(p)  By  forcing  the  mandrel  into  a  bent  or  otherwise  irregularly 
shaped  hole. 

{c)  By  omitting  to  properly  lubricate  the  poppet  centre. 

In  order  to  protect  the  mandrel  centre  from  being  distorted,  lead 
or  copper  hammers  are  used.  Deep  holes  which  have  a  slight  bend  are 
straightened  before  the  mandrel  is  inserted,  by  the  use  of  a  lead  lap 
and  the  usual  emery  and  oil.  Wherever  it  is  practicable,  the  lap  is 
placed  between  the  lathe  centres,  and  the  object  to  be  lapped  is  moved 
backwards  and  forwards  longitudinally  over  the  lap,  whilst  the  latter  is 
made  to  revolve  at  a  high  speed. 

Improper  lubrication  of  the  loose  headstock  centre  is  perhaps  the 
most  frequent  cause  of  trouble.  Experience  alone  will  teach  the  student 
how  to  manipulate  the  loose  head  poppet  centre  so  as  to  reduce  friction 
without  sacrificing  the  true  fitting  of  the  mandrel  between  the  lathe 
centres. 

This  observation,  of  course,  equally  applies  to  all  turning,  where 
sufficient  heat  is  generated  by  the  cutting  tool  to  cause  the  work  to 
expand.  The  amount  of  expansion  depends  upon  the  depth  of  cut, 
upon  the  speed  of  rotation  and  the  rate  of  feed,  and  upon  the  amount 
of  lubrication  of  the  cutting  tool. 

When  rods  or  shafts  are  being  turned,  constant  attention  has  to 
be  given  to  the  loose  head  poppet,  lest  the  work  should  expand,  wear 
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away,  and  fire  the  centre  point  of  the  loose  head  poppet.     We  will  now 
consider  a  few  of  the  more  important  types  of  mandrel. 

Expanding  Mandrels. — Such  a  mandrel  is  shown  in  Fig.  150.  It  will 
be  seen  that  the 
rotation  of  the 
screw  collar  causes 
the  split  pieces  to 
travel  along  the 
taper  piece,  thus 
expanding  the 
mandrel. 

The     following 

Fio.  150.— Expanding  mandrel.  are  the  advantages 

of  this  mandrel: — 

(i)  No  hammering  required,  and  work  easily  fixed  and  removed. 

(3)  Work  more  firmly  held  and  more  uniformly  supported. 

(3)  A    less    number   of  mandrels    required    to   fit   all   holes   in    a 

given  range. 

52    shows    a 
_  3  mandrel  that  can 
be  bolted  to  the   face 
plate  of  a  lathe ;  it  has 
_  stepped  dies,   so    as  to 

iSi.-Expanding  mandrel.  ^'^^    t^*'    diameters    of 

,  _  work.      The    dies    are 

prevented  from  turnmg  on  the  taper  spindle  by  three  keys,  as  shown 
m  the  figure.  Fig.  151  shows  a  split  die  which  is  made  of  steel,  and 
has  a  range  of  expansion 
suitable  for  taking  work 
whose  diameter  is  not 
more  than  ^  in.  off 
standard  size. 

Screw  Mandrels.  — 
These  are  used  to  sup- 
port work  which  has 
been  previously  threaded. 
They  are  provided  with 
a  fixed  shoulder,  against 
the  true  face  of  which  the 
end  of  the  work  is  placed, 
or  a  loose  collar  may  be 
slid  on,  against  the  face  of 
which  the  work  rests. 
They  are  made  to  suit  all 
standard  screw  threads, 
and  for  special  work  as 
required  (Fig.  153). 
If  good  results  are  to  be  obtained,  the  "fit"  between  the  work  and 
the  mandrel  must  be  accurate,  and  the  face  of  the  shoulder  truly  turned. 
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These  mandrels  are  employed  to  hold  screwed  pipe  flanges  and  similar 
work,  also  in  repetitionary  practice  of  machine-tool  building  high-class 
parts. 

Example.— Small  chucks  and  face  plates  may  thus  be  machined  and 
stocked  in  quantities,  instead 
of  having  to  wait  until  their 
respective  lathes  have  been 
rim  and  tested. 

Deep  holes  of  more  than 
5  in.  diameter  are  usually 
chambered,  so  that  parallel 
mandrels  are  not  needed. 
It  is  the  practice  in  such  work  to  fix  two  collars  on  a  stout  shaft  at  the 
proper  distance  apart  and  turn 
them  to  the  required  dimen- 
sions. This  type  of  mandrel  is 
frequently  employed  to  support 
small  engine  cylinders  when  the 
flai^es  are  being  turned. 

Siraightening  and  Centering 
Press. — A  very  useful  appliance 
is  represented  in  Fig.  T54,  com- 
bining a  pair  of  adjustable 
centres  and  a  straightening  press. 

The  shaft  to  be  straightened 
is  placed  between  the  centres, 
revolved  by  hand,  and  the  bends 

chalked  in  the  ordinary  way,  c  „     .      c^  ■  u.    -      „. 

,^  .     .,  ,        .-',■'  Fig.  134.— StratghtemnE  centre  piets. 

It  IS  then  placed  on  the  vee  ji  t.  6  t- 

blocks  underneath  the  press  screw,  and  straightened  according  to  the 
markings.  The  vee  blocks  are  adjustable  so 
as  to  suit  long  or  short  bends.  Instead  of  the 
centres  being  actuated  by  a  screw,  they  are 
fitted  with  spring  plungers,  so  that  the  shafts 
may  be  instantly  inserted  or  removed. 

Mandrel  PresH.^Mandrel  presses  of  the 
type  shown  in  Fig.  155  are  now  much  used 
on  light  work  with  very  satisfactory  results. 
There  are  several  advantages  to  be  gained 
in  forcing  a  tnandrel  into  the  work  by  means 
of  a  press.  The  pressure  is  always  along  the 
axis  of  the  mandrel,  a  very  important  thing, 
especially  with  long  slender  mandrels.  Again, 
the  pressure  in  this  case  being  gradual,  there 
is  much  less  tendency  to  burst  the  boss   of 

a  wheel  Or  pulley  than  is  the  case  when  the  Fig.  155.— Mandiel  press, 
mandrel  is  struck  with  a  hammer  or  mallet. 

Hydraulic  presses  are  often  used  for  inserting  and  removing  large 
mandrels. 
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Uses  of  Stays  to  Lathee. — Lathe  stays  are  used  to  support  work 
while  it  is  being  turned  or  screw-cut,  or  when  boring  long  shafts,  etc. 
There  are  four  distinct  types. 

I,  A  collar  "stay"  is  shown  in  Fig.  119  (see  Whitworth  Lathe). 
This  is  useful  to  support  the  end  of  a  spindle  or  shaft  while  being  bored. 
The  essential  part  of  the  stay  is  that  the  centre  of  each  hole  in  the 
collar  is  in  perfect  alignment  with  the  lathe  centres. 

The  end  of  the  sl^fts  to  be  bored  are  bevelled  to  the  same  taper  as 
the  hole  in  the  collar,  and  when  the  stay  is  used  the  collar  is  passed  over 
the  centre  of  the  lathe,  and  the  stay  at  once  is  self-set.  A  collar  stay- 
therefore  is  very  useful  in  supporting  iight  work. 


z.  A  movable  stay  is  shown  in  Fig.  156,  which  has  three  adjustable 
dies,  two  being  carried  in  the  lower  part  of  the  stay,  and  one  at  the  lop. 
The  upper  half  is  hinged,  so  that  work  which  has  to  be  removed  can  be 
replaced  without  disturbing  the  setting,  by  simply  releasing  the  locking 
pin. 

Another  form  of  movable  slay  is  one  of  cast-iron  uprights  and  base, 
with  wooden  dies  which  are  adjustable  to  suit  different  kinds  of  lathes. 
By  placing  the  dies  next  the  work,  much  laiger  diameters  can  be  accom- 
modated, since  the  width  between  the  uprights  is  limited. 

Example. — A  piece  of  work  is  to  be  bored  after  turning ;  the  stay 
will  take  ri  in.  between  uprights,  but  the  part  to  be  supported  is 
12  in.  diameter. 

Let  the  stay  casting  be  as  follows :  uprights  3^  in.  wide,  11  in.  apart, 
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with  4  in.  slots  running  vertically,  the  distance  between  the  centres  of 
slots  being  14J  in.  Dies  must  be  cut  to  fit  the  work,  and  four  bolt 
holes  marked  through  the  stay  slots  for  each  half  of  the  die. 

Very  heavy  work  will  require  wedging  up,  both  dies  being  kept  in 
contact  The  lower  die  is  held  by  passing  wedges  between  its  base  and 
the  lathe  bed. 

The  upper  die  should  be  kept  in  position  by  wedging  wood  on  the 
top,  between  the  die  and  an  overhanging  ledge  of  metal  cast  at  right 
angles  to  the  uprights. 

The  dies  are  best  cut  from  hard  wood,  but  good  well-seasoned  pine 
answers  satisfactorily  if  not  hammered  or  allowed  to  warp. 

3.  Travelling  stays  or  back  stays  are  used  to  support  the  cutting 
tool  along  its  journey,  being  carried  by  the  saddle  to  which  they  are 


Fig.  157. — Travelling  finger  stay. 

fitted  by  scraping,  and  secured  by  vee  strips  and  set-screws.  Small  spindles 
and  screws  are  conveniently  turned  or  cut  by  the  use  of  a  "  finger  "  stay 
shown  in  Fig.  157.  The  die  or  finger,  as  it  is  called,  maybe  a  right 
angular  notch  to  suit  various  diameters  of  rods,  but  a  better  plan 
is  to  drill  a  hole  and  cut  away  the  lower  portion  sufficient  to  leave  a 
substantial  radii  of  the  work  to  be  supported.  There  is,  however,  a 
limited  use  to  this  type  of  stay,  as  it  is  too  weak  to  support  substantial 
cutting. 

Fig,  119  (4)  illustrates  a*  back  stay  used  with  hard  wood  dies  lined 
with  steel ;  the  dies  are  interchangeable  to  suit  various  spindles  and 
shafts,  and  the  stay  is  adjustable  vertically  and  transversely. 

Some  makers  prefer  a  cylindrical  column  on  to  which  the  upper  half 
of  the  stay  is  passed  and  retained  by  a  set-screw ;  heavy  cutting  with 
coarse  traverse  |is  found  too  much  for  this  design  of  stay,  though  for 
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thin  shafts,  where  the  amount  to  be  removed  is  slight,  this  is  a  convenient 
and  easily  adjusted  stay. 

Large  shafts  are  frequently  turned  by  three  cutting  tools  acting  at 
equal  distances  around  the  shaft's  periphery.  The  tools  are  carried  in 
holders  which  are  actuated  independently ;  one  tool  roughs  out  the  shaft, 
another  reduces  it  nearly  to  size,  while  a  final  cut  is  taken  by  a  scraping 
tool.  The  steel  used  is  of  the  self-hardening  class,  which  permits  of 
a  coarse  traverse  and  much  increased  speed. 

Since  the  head  carrying  the  tools  is  secured  to  the  saddle,  it  forms  a 
compact  mass  and  is  capable  of  attacking  the  metal  with  much  more 
ease  than  is  the  case  when  the  cutting  tools  are  simply  carried  in  the 
slide  rests.  At  a  convenient  distance  from  the  cutter  head  a  travelling 
stay  fits  the  shaft,  thus  keeping  it  in  a  uniform  position,  as  near  the 
cutting  tools  as  is  possible. 


Fig.  158.— Special  rest. 

Shaft-tnrning  Rest.— A  special  rest  for  shaft  turning  is  given  in 
Fig.  158.  This  portable  rest  can  be  secured  to  any  lathe  of  a  given 
height  of  centre,  and  is  fitted  with  three  tools,  each  of  which  may  be 
operated  independently  by  a  screw  and  slide. 

Twc  Tools  roughing  down. — The  two  leading  tools  rough  down  the 
shaft,  one  of  these  being  inverted  to  meet  the  cut. 

This  is  obviously  good,  because  where  a  single  tool  is  employed  the 
cutting  force  is  all  on  one  side  of  the  lathe  centres,  but  by  the  above 
method  the  cutting  forces  are  balanced. 

FinisAing  Tool.—The,  "  following  "  tool  is  made  with  a  broad  nose,  to 
take  just  a  scraping  cut,  which  leaves  the  shaft  beautifully  smooth  and  true. 

Traveling  Sfay.—foitning  a  part  of  the  rest  is  the  travelHng  stay, 
which  slides  over  the  turned  shaft  close  to  the  finishing  tool.  The  stay 
is  important ;  by  it  the  alignment  of  the  shaft  is  maintained  between  the 
lathe  centres,  the  shaft  is  held  up  to  the  tools,  and  the  vibration  is 
reduced  to  a  minimum.     See  also  "  Back  Stay,"  Fig.  1 19. 
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BORING  MACHINES. 

Duplex  Boring  Hachinei). — Boring  machines,  like  many  other  modern 
tools,  have  increased  in  variety,  so  that  special  forms  of  work  tnay  be 
easily  set  and  tooled. 

Two  different  types  of  machines  are  illustrated  in  Figs.  159-160, 
by  Lee  and  Hunt,  Nottingham.  Taking  Fig,  159,  it  will  be  seen  that 
the  boring  bars  have  only  a  revolving  movement,  the  cutter  heads 
being  stationary  on  the  bars. 

Here  the  work  is  mounted  on  the  saddles,  or  carried  in  the  two 
large  cradles  which  are  secured  to  each  saddle.  The  cradles  may  he 
brought  close  together,  or  extended  according  to  the  length  of  the 
object  to  be  bored,  and  the  saddles  traversed  along  the  bed. 

Each  bar  may  be  worked  independently ;  for  instance,  one  bar  may 
be  used  to  bore  cylinder  liners  while  held  in  the  cradles,  while  the  other 
bar  may  be  engaged  in  boring  the  cylinders. 

The  cylinder  liners  held  as  above  are  thus  self-set.  Referring  to 
Fig.  160,  it  will  be  noticed  that  there  is  a  special  feature,  in  that  the 
two  boring  bars  are  placed  at  right  angles  to  each  other,  the  machine 
being  designed  to  bore  at  the  same  time  the  large  round  bearing  for 
the  cylinder  and  the  two  bearings  for  the  crank  shaft  in  the  bed  of  a 
gas  or  oil  engine. 

The  large  cast-iron  boring  bar  revolves  in  an  adjustable  bearing 
in  the  headstock,  and  carries  an  automatic  boring  head,  shown  near 
extending  end  of  the  bar.  The  boring  head  is  traversed  by  means  of 
a  screw  actuated  by  the  differential  gear  located  at  the  opposite  end 
of  the  bar. 

The  bar  is  driven  by  a  worm  and  wheel,  and  is  fitted  with  a  face 
plate  carrying  a  facing  slide,  which  is  used  when  machining  the  seating 
of  cylinders.  The  steel  boring  bar,  which  is  carried  in  the  two  upright 
bearings,  is  directly  at  right  angles  to  the  large  bar,  and  has  a  similar 
feed  motion  to  it. 

The  driving-cone  shaft  gives  motion  to  both  bars;  but  either  bar 
may  be  set  to  work  independently  as  required,  and  in  this  capacity 
resolves  itself  into  a  machine  for  an  increased  variety  of  boring  work 
of  both  large  and  small  dimensions. 

Horizontal  Boring  ICachine.^ — Figs  161-162  represents  a  cylinder- 
boring  machine  by  Messrs.  William  Muir  &  Co.,  Manchester.  In  this 
machine   the  headstock  containing  the  driving  gear  is  mounted  and 
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boiled  to  the  bed.     The  boring  bar  is  fixed  to  a  flange  on  the  driving 
spindle,  and  revolves  with  it. 

When  a  cylinder  is  to  be  bored  and  faced,  it  is  securely  clamped  to 


F[G.  l6l. — Horizontal  boring  and  Tacing  max^ine. 

the  machine  bed,  and  the  bar  is  passed  through  and  secured  in  position. 
Then  the  "  boring  head,"  carrying  the  cutters,  is  traversed  by  means 


Fig,  162. — Hotiiontal  boring  and  fadng  macbine. 

■  the  long  feed  screw  through  the  cored  hole  where  the  piston  is 
'  work. 
The  facing  arms  are  of  the  double-ended  type,  each  being  made 


Dcinz.aoy  Google 


BORING  MACHINES.  MS 

in  two  parts,  and  fitted  with  compound  slides  carrying  the   cutting 
tools. 


By  this  arrangement,  as  the  arms  rotate,  the  slides  are  operated  by 
cans  of  the  feed  screws,  which  are  provided  with  star  wheels  at  their 
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outer  extremity.     It  will  be  noticed  that  adjustable  stops  are  placed  on 
the  machine  bed,  by  colliding  with  which  the  star  wheels  actuate  the 


feed  screws  as  they  revolve,  thus  putting  on  the  cut  at  each  revolution 
of  the  arms. 

Floor  Borini*  Uacbine. — This  illustration,  from  actual  practice,  gives 
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an  excellent  idea  of  the  usefulness  of  these  machines.  Such  work,  as 
is  shown  in  Fig.  163,  may  be  set  upon  the  floor  plate,  and  the  machine 
moved  from  one  hole  to  another,  so  as  to  ensure  their  parallelism 


without  the  necessity  of  re-setting  the  work.  Instead  of  the  belt  drive, 
many  of  these  machines  are  fitted  with  an  electric  motor.  The  machine 
is  built  by  Messrs-  Wm.  Sellers  &  Co.,  Philadelphia. 

Heavy  Boring  Uachiue. — Fig.  164  is  a  boring  machine  constructed 
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for  heavy  work  by  Messrs.  Selig,  Sonnenthal  &  Co.     The  spindle  carry 
ing  the  boring  bar  is  S  in.  diameter,  and  has  a  feed  of  30  in. 


Work    having  centres  30  in.  to  72  in.,  measured  from  the  base, 
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and  up  to  14  ft  6  in.  long,  can  be  fixed  on  to  the  machine  table 
for  boring. 

Horiaontal  Boring  and  Tapping  Machine. — A  combined  boring 
and  tapping  machine  is  illustrated  in  Fig,  165  by  Messrs.  J.  Lang  & 
Sons,  Johnstone, 

The  feeding  mechanism  can  be  raised  or  lowered  by  power,  and  in 
this  respect  is  similar  to  Fig.  164. 

In  this  case  the  table  has  longitudinal  and  transverse  adjustment. 
The  machine  carries  convenience  for  drilling,  tapping,  stud  inserting, 
and  stud  trimming,  as  well  as  for  general  boring-bar  work. 

The  tapping  is  done  on  this  machine  with  ordinary  hand-working 
taps.  By  means  of  this  arrangement,  such  work  as  engine  cylinders  can 
be  bored  for  piston,  and  the  flanges  drilled  and  studs  inserted  without 
removal  from  the  machine  table. 


Fig,  167. — Portable  cylinder  boring  machine. 

Horisontal  Boring  and  Milling  Machine.— A  machine  designed  for 
horizontal  boring  and  milling  is  given  in  Fig,  166  by  the  Anglo-American 
Machine  Tool  Co.,  London. 

The  main  table,  which  is  gibbed  to  the  body  of  the  machine,  has 
an  automatic  vertical  feeding  movement;  also  the  transverse  table 
has  feeds  in  both  directions.  This  renders  the  machine  useful  for  milling 
the  faces  on  pieces  of  work  which  are  set  for  boring. 

The  engraving  shows  the  machine  prepared  for  circular  milling,  with 
the  support  for  the  end  of  the  cutter  mandrel  carried  by  a  swing  bracket 
on  a  shaft  above  the  boring  bar. 

The  outer  bearing  to  the  boring  bar  is  movable  along  the  base  plate, 
so  as  to  give  a  rigid  support  when  heavy  cutting  has  to  be  done  on 
short  work. 
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Y\G.  i6S. — Verlical  turning  and  borbg  mill. 
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Portable  Cylinder  Boring  Ifachine.—  Fig.  1 67  is  a  machine  designed 
r  re-boring  steam-engine  cylinders  and  similar  work  in  place. 
It  is  so  constructed  that  the  piece  being  bored  serves  as  the  bed  or 


Fig.  169. — 12-ft.  Vertical  turning  and  boring  niill. 

support  of  the  bar.  It  Is  only  necessary  to  remove  the  cylinder  cover 
and  piston,  and  the  cylinder  is  bridged  across  the  face,  by  the  lat^e 
plate,  which  also  serves  as  a  bearing  for  the  boring  bar. 

The  cutter  heads  are  fed  by  a  screw  in  one  side  of  tho  bar,  and  are 
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operated  by  the  feedosing  on  the  end  that  contains  the  gearii^,   by 
altering  the  position  of  which  two  changes  can  be  made. 

The  horing  bar  is  driven  by  a  train  of  gears,  and  can  be  worked  by- 
belt  or  hand  power.  At  the  opposite  end  of  the  bar,  a  self-centering 
chuck  guides  the  path  truly  concentric  with  the  stuffing  box,  while  the 
plate  is  rigidly  held  at  the  other  end  by  the  clips  and  bolls  shown.  In 
those  cases  where  there  is  no  support  for  the  chuck  a  second  cross 
head  is  used. 

Vertical  Turning  and  Boring  Mill. — Fig.  i68  illustrates  a  vertical 
turning  and  boring  milt. 

These  upright  lathes  are  specially  powerful  and  compact  The 
design  is  to  give  solidity  to  the  table  and  tool,  and  to  insure  a  steady 
but  positive  drive.  The  table  of  the  machine  is  supported  by  an  annular 
bearing,  which  extends  to  the  circumference.  In  this  respect  an  ordinary 
lathe,  with  a  face  plate  of  similar  dimensions,  is  not  so  well  supported. 

The  tool  bar  is  massive,  and  is  housed  in  two  bearings  which  are 
adjustable.  The  bar  has  an  automatic  vertical  traverse  by  means  of  a 
rack  and  pinion,  while  the  transverse  slide  is  fed  by  a  screw. 

By  reference  to  the  figure,  it  will  be  seen  that  a  large  disc  is  located 
on  a  pinion  shaft  near  the  base  of  machine.  In  contact  with  the  disc 
is  a  leather-faced  wheel ;  this  is  known  as  a  frictional  feed  motion,  and 
may  be  instantly  released  or  reversed  as  required. 

These  mills  are  used  in  boring  and  turning  cylinders,  valves,  pulleys, 
wheels,  etc.  Deep  cuts  and  coarse  feeds  can  be  taken  at  higli  speeds 
without  causing  chatter. 

12-ft.  Boring  and  Turning  Mill.— Heavy  work  of  large  diameter 
is  turned  and  boied  in  a  special  boring  and  turning  mill  (in  place  oi 
the  facing  lathes)  in  the  American  and  in  some  British  workshops. 

A  machine  of  the  type  illustrated  in  Fig.  169,  made  by  Wm.  Sellers 
&  Co.,  Philadelphia,  ha^  capacity  to  turn  a  wheel  or  plate  16  ft.  diameter. 
There  are  three  saddles,  each  being  provided  with  an  independent 
feed  movement.  By  this  arrangetr.ent  a  wheel  can  be  bored  with  a 
tool  supported  in  the  table  bushing  at  one  end,  and  carried  by  the 
central  slide,  while  the  two  outer  slides  carry  tools  operating  on  the 
wheel's  periphery.  All  the  feeds  are  actuated  by  a  mechanism  from 
either  end  of  the  cross  slide.  The  vertical  slides,  which  are  made 
of  steel,  have  a  stroke  of  4  ft.  When  very  large  pieces  are  to  be 
turned,  the  upright  standards  can  be  worked  back  automatically. 
Castings  9  ft.  6  in,  deep  can  be  admitted  beneath  the  cross  head, 
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LATHE   WORK. 

Screw  Cuttingr  Iron  and  Steel  with  Hand-ToolB.— The  art  of  chasing 
screws  in  iron  or  steel  by  means  of  hand  tools  can  be  acquired  only  after 
considerable  practice.  Fig.  1 70  represents  defective  screw  threads  which 
are  sure  to  be  imitated  by  a  beginner. 

Drunken  Threads. — At  A  are  shown  threads  almost  like  parallel 
rings,  having  a  sharp  crook  on  each  thread  as  if  in  some  way  to  com- 
pensate for  the  lack  of  inclination  in  the  remaining  part  of  the  threads. 
Threads  of  this  description  are  produced  either  by  sliding  the  chasing 
tool  at  an  irregular  rate  on  the  tool  rest  of  the  lathe,  or  by  a  seam  in  the 
iron  (this  latter  is  always  disastrous  to  a  screw,  even  when  the  threads 
have  first  been  partially  cut  in  a  lathe 

with  the  aid  of  change  wheels  and  a        /] h 

guide  screw).  f  1  I  |  C 

A  double-threaded  screw  is  some-        ^ • * 

limes  produced.  This  is  done  by 
sliding  the  chasing  tool  too  rapidly 
along  the  lathe  rest,  so  that  the 
threads  appear  as  shown  in  Fig.  B. 

A  correctly  finished  stud  is  shown 
in  Fig.  D.  Hand-chased  screws  and 
studs  are  being  replaced    by  screws 

and  studs  made  in  capstan,  or  chas-  

ing    lathes,    or    in    special    screwing  Fio.  iJo.-Stad  lobe  chased. 

machines.      Fig.   C    shows   a    stud 

turned  and  finished,  ready  to  be  chased,  to  fit  a  |-in.  Whitworth  nut. 

Tools  required. — An  elbow  rest  having  a  smooth  and  even  surface ; 
a  diamond-pointed  tool,  i.e.  a  graver  ground  keen ;  a  chasing  tool 
having  eleven  threads  per  inch,  are  the  necessary  tools  for  work. 

The  graver  and  the  chasing  tool  should  be  securely  placed  into  their 
respective  handles ;  and  in  order  that  the  tools  may  be  firmly  controlled, 
the  distance  from  point  of  tool  to  end  of  handle  should  not  be  less  than 
12  in.  The  chasing  rest  should  be  fixed  a  little  below  the  centre  line, 
and  parallel  to  the  work. 

Chasing:  Screw  ThreadB.^The  first  thing  is  to  chamfer  the  end  of 
the  stud.  Then  look  at  the  pitch  of  the  chaser,  and  with  the  graver 
held  hard  on  to  the  rest,  try,  by  giving  a  slight  but  even  twist  to  the 
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wrist,  to  produce  a  spiral  cut  on  the  revolving  work,  which  resembles 
the  pilch  of  the  teeth  of  the  chasing  tool.  To  do  this  effectively  the  first 
time  is  scarcely  to  be  expected;  but,  when  properly  experienced,  a  work- 
man can  produce  a  spiral  so  near  and  so  true  that  the  chaser  will  follow 
the  groove,  and  so  make  a  threaded  screw  from  its  guidance. 

The  workman's  right  hand  should  grasp  the  loose  poppet,  while  the 
left  hand  holds  the  tool  by  the  handle.  The  pressure  is  given  from  the 
workman's  shoulder,  which  should  well  cover  the  extremity  of  the  tool 
handle.     By  this  means  the  depth  of  the  cut  is  regulated  ;  and  to  a 
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Outside  chasers. 


Inside  chaseis. 
FlGS.  171-2. 

certain  extent,  by  a  uniform  movement  of  the  body,  the  chaser  is  kept 
up  to  its  cut  as  it  traverses  along.  To  assist  the  chaser,  when  making 
a  start,  a  gentle  pressure  from  the  thumb  of  the  right  hand  is  often 
helpful.  Good  chasing  depends  entirely  upon  judging  the  sliding 
movement  of  the  tool  in  combination  with  the  rate  at  which  the  work 
revolves,  and  the  inclination  at  which  the  cutting  edges  of  the  chaser  is 
presented  to  the  revolving  work. 

Each  size  of  screw  has  a  different  number  of  threads  per  inch ; 
therefore  it  is  obvious  that  experience  is  necessary  to  enable  one  to 
chase  screws  creditably.     Care  must  also  be  given  to  keep  the  tool 
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sliding  parallel,  so  as  to  make  the  angles  of  the  threads  uniform,  and 
not  to  reduce  the  diameter  by  takmg  repeated  cuts  without  repeated 
measurement.  A  pair  of  broad-nosed  calipers  must  be  used  to  gauge 
the  work,  as  it  apjsoaches  a  finish.  It  is  absolutely  necessary  to  gauge 
long  screws,  and  to  carefully  reduce  those  parts  which  are  of  largest 
diameter  as  the  work  proceeds. 

Chasings  Serewa. — The  speed  of  the  lathe  varies  with  the  diameter 
and  the  pitch  of  the  screw.  i»o  to  160  revolutions  for  studs  and  small 
screws  give  good  results.  An  additional  support  to  the  tool  rest  is 
necessary  for  large  screws,  and  may 
easily  be  given  by  fixing  a  bolt  and 
nut  vertically,  either  between  the 
saddle  slide  or  the  top  of  the  rest 
and  the  underside  of  the  tool  rest. 
Chasing  is  generally  done  in  a  simple 
lathe  on  work  from  \  in.  to  i  in. 
diameter,  but  where  best  work,  and 
where  truth  in  the  running  is  impera- 
tive, the  screws  must  be  cut  in  a 
lathe  having  a  set  of  change  wheels 


A 


/IV-VA 


Fig.  173. — Hand  turning  tools. 

and  a  reliable  guide  screw.  Inside  and  outside  chasing  tools  are 
shown  in  Figs.  17 1-2. 

Hand  "tnTiiiiig,  Iron  and  Steel.— The  chief  forms  of  hand-tuming 
tools  are  shown  in  Fig.  173.  The  graver  or  diamond  point  A,  is  the 
most  useful :  it  has  two  cutting  edges  and  two  heels,  and  can  be  used 
equally  well  as  a  roughing  out  or  as  a  finishing  tool.  Ai  represents  the 
tool  fitted  to  a  wooden  handle,  which  should  be  made  with  a  flat  end, 
as  shown,  to  receive  pressure  from  the  operative's  shoulder  (see  Fig.  170, 
Chasing  Stud). 

B  is  a  side-facing  tool,  made  from  a  triangular  file.     C,  D,  and  E, 
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are  squar^nose,  round-nose,  and  parting  tools  respectively.  In  using 
any  one  of  the  above  tools,  the  heels  must  be  held  firmly  down  on 
the  rest,  so  that  a  full  control  of  the  cutting  edge  is  obtained.  To  a 
beginner  this  is  not  easy  work,  the  tendency  being  to  let  the  tool  follow 
the  work  as  it  rotates,  although  its  path  is  more  or  less  eccentric. 

Flat  and  convex  surfaces  are  cut  with  tools  similar  to  A  and  C ; 
hollow  surfaces  are  cut  with  D.  The  parting  tool  shown  at  E  is  used 
for  cutting  off  the  finished  work ;  these  vary  from  -^  in.  to  ;  in.  wide, 
according  to  the  size  of  the  work  to  be  cut  off.  Chasers  are  fwt  pro- 
vided with  sharp  heels,  their  function  being  to  travel  evenly  along  the 
rest  (see  Chasers,  Fig.  171), 

Cuttini*  Allg:1eB. — The  cutting  edge  of  A  is  placed  on  the  rest  with 
its  point  downwards,  and  is  moved  upwards  to  the  right  or  left  according 
to  the  direction  of  the  cut ;  while  B,  C,  D,  and  E,  have  their  cutting 
edges  uppermost.    A  =  45°,  B  =  60°,  C  and  D  =  70°  to  85° 

Brass  Tariiing: — Tools  and  Appliances. — Brass  turning  is  done  in 
three  different  kinds  of  lathes :  (a)  turret  lathes,  which  are  fitted  with 
the  necessary  tools,  each  being  fed  automatically  in  turn ;  ifi)  hand 
lathes,  in  which  the  whole  of  the  work  is  turned  or  chased  by  tools  held 
in  the  hands  of  the  operator;  {c)  traversing  lathes,  by  means  of  guide 
screws,  which  are  essentially  screw-cutting  lathes,  and  are  either  provided 
with  "  master  screws  "  and  a  set  of  gears  actuated  by  a  lever,  or  by  the 
ordinary  change  wheels. 

There  are  two  kinds  of  brass,  "  rolled  "  and  "  cast."  "  Rolled  "  brass 
is  usually  made  in  rods  of.  definite  shape  and  dimensions,  the  sections 
being  round,  square,  or  hexagonal ;  the  latter  being  used  for  hexagonal- 
headed  screws.  These  rolled  bars  are  usually  homogeneous  in  structure, 
and  soft  to  cut,  and  are  true  to  shape  to  within  ^^^  in.  of  accuracy. 

For  the  above  reasons,  rods  of  rolled  brass  are  used  in  "  capstan  " 
lathes,  which  are  provided  with  hollow  spindles,  through  which  the  rods 
may  be  passed  and  secured  by  one  of  the  various  chucks.  By  this 
device  of  hollow-spindle  lathes,  articles  may  be  rapidly  turned  from  solid 
stock,  which  otherwise  would  be  cast  from  a  pattern  and  then  mounted 
in  the  lathe,  each  casting  requiring  a  separate  setting,  which  considerably 
increases  the  time  rn  doing  the  work. 

The  cutting  tools  carried  in  "capstan"  or  "turret"  lathes  are  now 
frequently  made  to  fit  the  contour  of  the  work,  which  method  not  only 
does  away  with  measurement,  but  considerably  increases  the  output, 
since  the  whole  surface  of  the  work  is  frequently  being  cut  at  the 
same  instant.  This  will  be  seen  more  fully  by  referring  to  Capstan 
Lathes  by  Messrs.  Jones  and  Lamson,  and  Messrs.  Alfred  Herbert 
(Chapter  V.). 

Plate  Moulding. — Brass  castings  are  made  with  as  little  metal  to 
be  removed  as  is  consistent  with  the  size  and  shape  of  the  article 
required ;  it  is  also  the  practice  to  have  the  patterns  so  constructed 
that  they  leave  the  cores  easily,  and,  to  facilitate  the  moulding,  plates 
are  made  upon  which  half  a  pattern  is  secured.  True  castings  are  thus 
obtained  which  require  a  minimum  of  tooling  and  band  dressing.  These 
castings  are  held  in  a  two,  three,  or  four-jaw  chuck,  which  may,  or 
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may  not,  be  self-centering,  and  tooled  with  capstan  tools  in  a  similar 
manner  to  the  rolled  brass  {see  Taylor's  Spiral  Chuck,  Figs.  174,  175). 

It  is  a  custom  to  use 
fixed  tools  wherever  it 
is  practicable,  and  also 
to  machine  the  various 
parts  in  great  quantities ; 
this  method  is  not  only 
much  quicker  in  setting 
work,  but  the  tools  are 
only  set  when  a  change 
has  to  be  made.  It  is, 
however,  still  the  custom 
for  some  work  to  be 
turned  and  finished  with 
hand  tools. 

Now  brass,  owing  to 
its  peculiar  behaviour 
when  cutting,  Is  treated 
differently  to  either 
wrought    iron    or  steel. 

The  hand  tools  are  dif-  _  ...        , ..       -        .     , 

_  .  ,  ,  Fig.  174.— Universal  three-iaw  chuck. 

ferent     m     shape     and 

length,  and  are  not  held  in  the  same  manner  as  when  turning  iron  or 

steel  (see  Hand  Tools  for  Brass,  Fig.  176).     The  rest  is  provided  with 

two  or  three  small  holes 

drilled   on   its   surface, 

into    any    of    which    a 

short     taper-fitting     pin 

may  be  inserted.     This 

pin,  standing  above  the 

surface  of  the  rest,  say 

\  in.  or  \  in.,  is  used  as 

a   fulcrum  for  the  side 

of  the  tool,   while  the 

hands    are   guiding    the 

tool    through   a   curved 

path,      regulating      the 

length  and  depth  of  the 

cut. 

The  tools  are  not 
provided  with  heels,  and 
do  not  stand  on  the  rest 
as  in  other  metal  turn- 
ing. The  rest  is  never  Piq_  , 
placed  so  close  to  the 

work  as  to  prevent  the  extremity  of  the  tool  from  overhanging  it. 
This  is  an  essential  point  always  to  be  observed  in  brass  turning  by  the 
use  of  hand  tools. 
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These  toots  may  be  divided  into  two  kinds — those  used  in  roughingf 
out  the  metal  and  those  used  in  finishing. 

A  roughing  or  ripping  tool  is  shown  at  A,  Fig.  176;  the  upper  surface 
is  quite  flat,  and  the  end  or  nose  of  the  tool  rounded.  All  siuface  work 
is  first  cut  with  the  above  tool;  following  upon  this  is  the  planisher  D, 
D'  or  E,  according  to  the  shape  of  the  piece  operated  on. 


171  r>"i  ir 
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Fig.  176. — Hand  tools  for  brass  taroi 


The  cutting  eij^es  of  the  tools  are  dressed  on  an  oil  stone  when  the 
finishing  cuts  are  to  be  taken.  The  action  is  more  scraping  than  cutting, 
owii^  to  the  obtuse  angle  (85°  to  90°)  of  these  tools. 

Side  tools  are  shown  at  5  and  E'  for  facing  left  and  right  hand 
respectively. 

Those  parts  of  the  work  which  are  "  fitted  "  are  polished  with  (FF) 
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(O)  or  (00)  emery  cloth — this  is  to  remove  every  trace  of  marking  left 
by  the  tools ;  while  such  parts  as  are  to  view,  but  which  do  not  fit  or 
work  together,  are  finally  burnished.  A  burnishing  tool,  F,  gives  a 
brilliant  lustre  wherever  it  is  applied.  After  the  turning  is  all  dona 
the  tool  F  is  pressed  against  the  surface  of  the  work  as  it  rotates  at  a 
fast  speed,  with  the  effect  that  what  was  previously  (comparatively J 
a.  dull  surface  is  transformed  into  a  highly  lustrous  one. 

These  burnished  surfaces  are  preserved  from  being  tarnished  by 
giving  to  them  a  coat  of  "lacquer"  (shellac  varnish),  which  is  applied 
with  a  camel-hair  hnish.  It  is  essential  that  all  surfaces  should  be  rinsed 
in  a  strong  solution  of  soap  and  water,  so  that  all  traces  of  grease  are 
removed.  After  this,  the  parts  are  dried  and  then  warmed,  so  that  the 
lacquer  may  the  naore  easily  be  fixed.  A  second  coat  is  not  always  given; 
where  however  it  is  done,  the  first  coat  must  be  thoroughly  dry  before 
a  second  is  attempted,  as  the  lacquer  easily  turns  lumpy. 

Internal  surfaces  are  turned  with  tools  which  are  held  on  a 
supplementary  tocl  rest  (1).  Chasing  is  also  sometimes  done  in  this  way. 
It  is  obvious  that  deep  holes  cause  more  dip  to  the  tool  nose  than 
shallow  ones,  and  for  this  reason  the  rest  I  is  useful.  Accurate  work 
to  be  done  in  this  way  requires  much  practice,  but  with  the  growing 
practice  of  turret  and  other  self-actmg  lathes  this  skill  is  less  called  into 
request  than  where  the  former  machines  are  in  use.     See  Fig,  167. 

Hakin;  Small  Brass  Screws. — Small  screws  in  brass  are  turned 
directly  from  the  rod  in  high-speed  lathes,  provided  with  hollow 
spindles.  A  suitable  length  of  stock  protrudes  from  the  chuck.  This 
is  faced,  roughed,  and  turned  to  correct  size  by  different  tools  carried 
in  a  capstan.  A  fourth  operation  Is  that  of  screwing,  this  is  effected 
by  means  of  dies,  which  cut  the  thread  at  one  traverse  and  then  either 
open  or  reverse,  according  to  the  type  of  over-head  arrangement. 

A  hinged  slide  is  then  lowered  from  the  back  shaft  which,  carries 
two  cutting  off  tools,  one  operating  at  the  front  and  the  other  at  the 
back  of  the  screw,  the  work  of  patting  is  quickly  effected.  By  this 
means  many  small  screws  can  be  produced  correct  to  gauge  without 
any  alteration  of  the  tools. 

Ufaking  Large  Screws  in  BrasB  Work. — Steam,  hydraulic,  and  other 
important  fittings  are  screw  cut  in  lathes  having  guide  screws  and  change 
wheels.  In  such  work  the  method  of  procedure  is  precisely  similar  to 
that  when  screw-cutting  iron  and  steel,  except  that  the  brass  work  may 
be  rotated  much  faster  than  the  iron  or  steel, 

BrasB-flnistiing^  Machine.— The  machine  illustrated  in  Fig.  177  is 
for  milling  two  facets  on  a  piece  of  work  at  the  same  time,  on  a 
vertically  supported  slide. 

When  the  tools  are  to  operate  together  on  a  brass  fitting,  it  is 
screwed  down  in  position ;  and  the  cutters  carried  respectively  in  the 
two  horizontal  spindles  are  set  revolving. 

Each  head  stock  on  the  bed  of  the  machine  has  an  independent 
longitudinal  adjustment  for  adjusting  the  side  cutters,  while  the  vertical 
adjustment  is  obtained  by  manipulating  the  band  wheel  beneath  the 
body  of  the  machine.     In  addition  to  this  vertical  movement  there  is  a 
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transverse  slide,  carrying  a  capstan  and  a  division  plate  which  may  be 
moved  by  a  lever  or  screw  according  to  the  class  of  work  required. 

Small  Lathe  Work  (Drillinj-),    Drilling  and  Jivw^.— Small  holes 
in  circular  iron  castings  are  drill&i  and  bored  in  the  lathe  in  preference 


Fig.  177. — Taylor's  btass-finishiog  machine. 

to  the  drilling  machine,  owing  to  the  fact  that  in  the  former  case  the 
work  can  be  tested  and  controlled  in  a  better  way  than  is  possible  in 
the  latter  machine  (unless  a  jig  is  used). 

Self -centering jaw  chuck. — The  most  general  practice  is  to  secure  the 


oy  Google 


LATHE    WORK.  i6i 

casting  in  a  self-centering  chuck,  and  with  the  following  equipment  the 
work  is  quickly  done. 

Pointed  Drill  and  Following  Drill — Reamer. — Assuming  the  casting  to 
be  solid,  a  finely  pointed  drill  is  passed  through  it  by  means  of  the  loose 
head  poppet,  a  second  drill  follows,  and  finally  a  fluted  reamer.  This 
only  applies  when  the  second  drill  leaves  the  hole  true. 

Boring  Tool. — ^Any  uneven  portion  is  removed  by  a  boring  tool, 
which  is  fixed  in  the  tool  rest ;  this  is  also  followed  by  the  reamer. 

Drill  Rest  and  Drill  Holder.— Bt.  drill  rest  is  made  from  a  rectangular 
bar  of  wrought  iron,  from  f"  to  \\'  square,  according  to  the  size  of  the 
lathe.  A  slot  is  made  at  one  end  to  allow  the  drill  to  pass.  A  much 
better  kind  is  one  provided  with  a  loose  cap  and  two  adjusting  screws, 
which  can  be  adapted  easily  to  large  or  small  drills. 

JUow  to  use  Drill  Rest  atid  Drill  Holder.— A.  drill  holder  is  made  of 
square  iron,  and  bent  over  at  one  end  to  grip  the  drill.  After  a  piece 
of  work  has  been  set  to  revolve  truly,  the  drill  rest  is  secured  in  the 
tool  box  as  near  the  work  as  is  convenient,  the  drill  point  should  be  on 
the  centre  line,  and  passed  freely  through  the  rest.  The  drill  holder 
controls  the  path  of  the  drill  to  some  extent,  and  is  therefore  held  with 
a  uniform  pressure  with  the  left  hand,  while  with  the  right  hand  on 
the  poppet  wheel  the  drill  is  fed  to  its  cut. 

MakiB^  Spiral  Spring. — Springs  are  made  by  winding  suitable 
wire  on  to  a  steel  rod  or  mandrel  rotating  between  the  centres  of  a 
lathe. 

Closed  Coil  Springs. — The  wire  may  be  secured  by  being  passed 
through  a  hole  drilled  near  one  end  of  the  mandrel  j  or  by  the  screw 
of  a  carrier  placed  for  the  purpose  at  the  end  of  the  mandrel,  next  the 
loose  headstock. 

Use  of  Guide.— V/hea  the  wire  is  not  very  springy  it  may  be  satis- 
factorily fed  without  a  guide  by  one  operator,  while  another  stops  and 
starts  the  lathe.  A  much  belter  arrangement  is  to  pass  the  wire  through 
a  round  hole,  slightly  larger  than  itself,  drilled  through  a  square  bar 
which  is  held  in  the  lathe  tool  box  and  traversed  at  a  suitable  speed. 
By  this  method  the  wire  is  guided  accurately,  and  the  tension  has  to  be 
put  on  by  hand. 

Use  of  Vee  Clamps. — Springs  of  larger  diameter  cannot  be  made  in 
the  above  manner.  The  necessary  tension  has  to  be  obtained  by 
clamping  the  wire  between  two  plates  provided  with  a  small  vee  notch, 
which  are  fixed  in  the  lathe  tool  box. 

Use  of  Clams. — Hard  w he,  such  as  piano  wire,  is  only  successfully 
wound  into  coil  springs,  when,  in  addition  to  the  above  apparatus,  a  pair 
of  clams  are  used.  The  jaws  of  the  clams  are  faced  with  vulcanite,  so 
that  they  shall  not  damage  the  spring.  The  vulcanite  is  easily  replaced 
when  worn  out. 

Compact  Spring, — The  advantage  of  using  the  clams  is  that  the  wire 
is  more  thoroughly  bent,  and  a  spring  of  the  same  diameter  as  the 
mandrel  is  obtained.  If  clams  are  not  used,  mandrels  of  less  than  the 
proper  size  are  necessary  to  compensate  for  the  expansion  of  the  spring, 
which  occurs  immediately  it  is  released. 
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Coarse  Springs. — ^Coarse  springs  are  made  in  a  screw-cutting  lathe, 
the  wire  being  fed  through  vee  clamps  held  in  the  tool  box,  which  is 
traversed  at  the  proper  speed  by  change  wheels.  Where  it  is  imperative 
that  the  pitch  of  the  coil  shall  be  uniform,  it  is  the  practice  to  first  cut 
a  shallow  groove  of  the  correct  pitch  on  the  mandrel,  i.e.  to  make  a  bed 
in  the  mandrel  for  the  coil  to  lie  in. 

Sure  Pitch. — The  channel  is  of  larger  dimensions  than  the  wire,  so 
that  the  wire  will  not  nib  against  the  sides  as  it  is  being  wound  on 
under  tension. 

A  further  advantage  in  thus  relieving  the  sides  of  the  groove  is  that, 
by  so  doing,  the  friction  is  considerably  lessened  when  the  spring  is 
being  removed  by  screwing  the  mandrel  out  of  it. 

Ball  Turning. — Balls  may  be  turned  from  castings  which  have 
projecting  stems  on  two  opposite  sides,  by  which  they  may  be  held, 
while  roughing  cuts  are  taken ;  the  finishing  being  done  in  a  chuck  by 
a  hand-cupping  tool,  after  the  stems  have  been  removed.  A  better 
plan  is  to  use  a  slide  rest  which  can  he  rotated  about  a  vertical  axis 
by  a  worm  and  wheel  fixed  beneath  it. 

The  diameter  of  the  ball  to  be  turned  is  decided  by  the  distance 
that  the  point  of  the  cutting  tool  is  placed  from  the  axis  of  the  worm 
wheel.  The  cutting  edge  must  be  exactly  on  the  centre  line  of  the  work, 
otherwise  projections  will  be  left  on  the  finished  ball,  and,  further,  the 
tool  will  not  cut  nicely.  In  any  case  the  ball  must  be  changed  about  in 
the  chuck,  so  that  every  part  receives  its  full  share  of  treatment. 

Taper  Turning. — Taper  work  may  be  turned  in  four  different  ways. 
No.  I.  Poppet  Head. — ^The  most  general  is  to  have  a  transverse  slide 
to  the  loose  headstock,  actuated  by  a  screw  fitted  to  the  lower  part,  and 
passing  into  a  nut  near  the  base,  but  high  enough  to  clear  the  lathe 
saddle. 

No.  z.  Fast  Head. — In  other  lathes  the  fast  headstock  is  fitted  with 
movable  screws,  the  guiding  lugs  being  threaded  to  receive  them.  By 
having  the  screws  exactly  fitting  the  space  between  the  "  ways  "  of  the 
bed  any  appreciable  movement  given  to  them  is  at  once  sufScient  to 
throw  the  headstock  out  of  alignment  with  the  bed. 

Neither  of  the. above  methods  is  commendable,  as  the  work  is  not 
carried  evenly  between  the  points  of  the  centres. 

No.  3.  Swivel  to  Slide  Rest, — For  short  work  the  compoimd  slide 
is  made  to  swivel  in  its  seating,  while  the  headstocks  are  in  no  ways 
interfered  with.  The  slide-rest  screw,  being  fed  by  hand,  is  less  able 
to  take  heavy  cuts  than  when  the  saddle  is  fed  automatically,  and  it 
also  wears  away  the  nut. 

No.  4.  Former  Plate. — In  turning  some  long  tapers  a  former  plate 
is  secured  to  the  back  of  the  bed,  against  which  a  roller  is  fed  or  pressed 
by  means  of  a  lever  and  weight.  The  lever  is  secured  to  the  transverse 
slide,  and,  since  the  screw  is  removed,  the  rest  is  directly  under  the 
control  of  the  lever,  and  it  is  made  to  advance  or  recede  according 
to  the  shape  of  the  former  plate.  By  this  arrangement,  parallel,  taper, 
or  any  other  irregular  form  can  be  tiu-ned  to  the  pattern  required  without 
any  special  skill  or  attention  of  the  operative. 
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Where  this  is  not  the  case,  the  setting  mast  be  done  in  another  way. 
The  loose  headstock  is  not  required.  Place  a  piece  of  parallel  shafting 
truly  in  a  jaw  chuck,  and  set  the  tool  en  the  centre  line,  and  proceed  as 
in  the  last  example.  The  tool  should  be  pointed,  so  that  the  actual 
length  of  travel  can  be  clearly  defined. 

There  are  many  lathes  with  no  other  provisions  for  taper  turning 
than  that  obtained  by  swivellii^  the  slide  rest  (which,  of  course,  is  adapted 
for  short  lengths  only).  There  is  an  example  of  this  in  the  Whitworth 
lathe  (Fig.  118).  Here  both  headstocks  have  projecting  tongues,  which 
accurately  fit  between  the  ways  of  the  bed,  in  addition  to  which  the  fast 
head  is  provided  with  bolt  holes  (see  end  elevation,  F^.  118),  through 
these  the  permanent  fixity,  and  the  correct  alignment  of  the  headstock 
is  secured. 

Gap  Lathes. — Gap  lathes  are  made  with  a  loose  part  bridging  the 
bed  near  the  fast  headstock.  In  such  lathes  large  face  plates  may  hold 
pieces  of  work  which  can  be  set  and  tooled.  These,  to  be  done  in 
a  lathe  without  a  gap,  would  necessitate  that  the  height  of  the  centres 
should  be  considerable.  These  lathes  should,  like  other  lathes,  be  used 
mainly  for  the  work  for  which  they  were  designed. 

It  may  be  mentioned  that  few  lathes  behave  exactly  the  same  under 
heavy  cutting  when  used  with,  and  without,  the  bridge. 

Taper  Turning  and  Boring  Gauges. —  Use  of  Gauge  to  set  the  Proper 
Amount  of  TV"-— This  is  generally  done  with  the  use  of  a  taper 
gauge  (Fig.  178).  The  gauge  is  mounted  between  the  centres  of  the 
lathe,  and  a  tool  fixed  so  as  to  almost  touch  it ;  then,  by  holding  a 
piece  of  writing  paper  between  the  gauge  and  the  tool,  the  rest  is 
swivelled  until  the  paper  is  gripped  with  equal  tension  at  each  end  of 
the  gauge  A  B, 

How  to  ori^nate  a  Taper  without  Gauge. — This  can  be  done  from 
a  parallel  shaft.  In  this  case  the  amount  of  difference  between  the  tool 
nose  at  A  and  the  Ime  B  is  equal  to  half  the  actual  taper  only  (Fig. 
1 7  8a). 

By  referring  to  the  figure,  it  will  be  obvious  that  just  as  the  tool  leaves 
the  parallel  shafl  by  virtue  of  the  rest  being  swivelled  the  diameter  is 
increased  by  twice  the  amount  shown :  e.g.  let  the  distance  between  AB 
=  4  in.,  and  the  taper  be  \  in.  larger  at  B  than  at  A,  then  the  amount 
of  difference  measured  at  B  will  be  \  in.  It  is  here  important  to  note 
that  the  height  of  the  trial  tool  is  the  same  as  the  height  of  the  tool  used 
in  turning.  Any  deviation  from  this,  either  above  or  below  it,  will 
give  quite  a  different  result. 

Position  of  Cutting  Tool. — It  is  therefore  best  to  fix  all  tools  on  the 
centre  line.  The  above  use  of  a  parallel  shaft  applies  when  setting  the 
lathe  for  taper  boring ;  of  course  the  shaft  should  be  stout  enough  to 
keep  rigid  between  the  centres.  To  verify  the  setting  two  fine  lines  are 
traced  round  the  shaft,  where  the  taper  is  defined  by  absolute  measure- 
ment, and  a  metal  strip,  equal  in  thickness  to  one  half  the  taper,  is  used 
as  a  gauge. 

True  Alignment. — It  is  assumed  that  there  is  true  alignment  between 
the  fast  and  the  loose  headstocks. 
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Exceptional  Work  (Figs.  179,  180}. — In  the  absence  of  special 
boring  machines  or  a  lathe  liaving  a  large  swing  it  is  then  necessary  to 
convert  a  small  machine  tool  into  a  comparatively  lai^e  one.  An 
example  of  this  is  seen  in  Fig.  179,  which  represents  a  6-in.  centre  lathe, 
converted  into  one  of  13  in.  centres  by  fitting  two  parallel  blocks  seen 
between  the  beadstocks  and  lathe  bed  in  the  cut. 


78, — Gauge  foi  taper  lurnipg  and  boiing 


It  is  only  fair  to  state  that  this  was  not  a  temporary  "  rig  up,"  but  was 
used  for  turning  up  a  steel  crank  shaft,  and  boring  the  engine  bed 
bearings  to  receive  the  crank,  in  addition  to  boring  the  cylinder  to 
receive  a  liner.  This  was  exceptionally  good  practice  for  the  engineering 
students,  because  all  the  clips  and  cutters  had  to  be  forged  and  adapted 
by  them,  as  well  as  fixing  the  work  in  correct  positioa     The  fixing  was 


Fig. 178A 

rendered  the  more  difficult  because  the  lathe  saddle  had  no  holes  into 
which  bolts  could  be  placed,  and,  owing  to  the  sliding  or  traversing 
of  the  saddle,  the  work  could  in  no  way  be  braced  to  the  lathe  bed. 
By  referring  to  Fig.  180  it  will  be  seen  that  the  engine  bed  is  of  a  larger 
area  than  the  surface  of  the  saddle  on  which  it  rests. 
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Fig.  179.— Boring  cranlc-shaft  bearings,  foi  small  ei 


Fig.  180. — Lalhe  "  pnclted  ap  "  boring  engine  cylinder. 

The  work,  however,  was  successfully  finished  by  taking  light  cuts 
and  using  a  fine  traverse.     The  bearings  were  of  hard  gun-metal. 
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Lathe  Saddle  Work, — Boring. — Many  articles  can  be  more  easily 
set  for  boring  and  facing  when  resting  on  the  lathe  saddle,  or  held  to  it 
by  a  suitable  jig  than  by  an  ordinary  boring  machine.  The  lathe  may 
not  be  fitted  with  a  turret  or  any  special  device,  only  with  the  jig  which 
holds  the  work.  If  the  spindle  is  hollow  the  end  of  the  boring  bar  may 
be  housed  in  it,  which  is  a  decided  advantage,  inasmuch  as  there  is 
neither  the  necessity  of  a  fixed  centre,  nor  a  face  plate  on  the  live 
spindle.  This  readily  permits  a  casting  to  be  faced  with  a  left-hand 
cutter  at  the  back  of  the  boss  as  easily  as  the  facing  at  the  front  of  the 
boss  with  a  right-hand  cutler.  A  very  short  boring  bar  can  be  used, 
and  with  close  supports  the  vibration  is  reduced  to  a  minimum. 

Cast-iron  Jig.  Example. — Let  a  large  number  of  cast  iron  brackets 
-  be  required  with  if  in,  holes,  and  their  bosses  to  be  faced.     Here  we 


— Lalhe  jig  for  pli 


have  assumed  the  castings  to  be  previously  planed  or  milled  on  their 
bases  and  sides.  The  jig  shown  in  Fig.  i8i  is  suitable  for  the  work, 
and  is  so  simple  that  further  explanation  is  unnecessary. 

Duplicate  Boring. — By  having  two  sets  of  cutters  the  holes  are  bored 
simultaneously  to  within  -^  in.  of  finished  size, 

Tfvo  Bars. — The  second  bar  carries  one  cutler  only,  and  is  therefore 
not  disturbed,  except  to  be  replaced  as  wear  occurs.  The  bosses  are 
faced  with  cutters  in  the  usual  manner. 

Shell Reanur. — A  standard  i^-in.  shell  reamer  would  be  passed  through 
the  holes  after  the  facing  had  been  completed.  Brackets  bored  and 
faced  in  this  manner  are  alike  to  gauge,  while  the  time  occupied  is 
but  small. 

Crank  Shafts.  -  Crank  shafts  are  forged  and  welded,  or  bent  into 


Dcinz.aoy  Google 


LATHE    WORK. 


167 


shape  in  a  die  (see  Fig.  372).  The  method  of  making  the  shaft 
depends  much  upon  the  lei^di  of  the  shaft,  and  the  number  of  throws 
or  cranked  portions  required. 

Single  throw  shafts  are  forged  from  one  slab  of  steel,  and  the  length 
extended,  if  necessary,  by  welding  an  additional  piece.  The  same 
process  is  adopted  for  two  or  three  throw  crank  shafts,  but  the  slabs 
are  welded  at  40°  to  120°  respectively,  i.^.  for  engine  work.  Shafts  which 
are  formed  in  dies  are  usually  of  small  dimensions,  these  also  being 
welded  to  increase  their  length,  or  when  two,  three,  or  more  throws  are 
required. 

There  is  a  division  of  opinion  as  to  the  best  materia!  from  which 
cranks  should  be  forged,  whether  good  iron  or  mild  steel,  also,  whether 
block,  cranks,  or  bent  cranks  are  the  best  It  is  contended  that  bent 
cranks  have  advantage,  inasmuch  as  the  fibre  of  the  material  runs 
lengthwise  down  the  arms  and  around  the  throws.  The  larger  sizes 
are  bent  by  a  powerful  hydraulic 
press,  and  the  ends  are  forced 
inwards  while  the  throws  are  being 
formed.  By  this  system  fewer 
heats  are  required,  and  the  de- 
terioration of  quality  in  the 
material  is  much  reduced. 

When  a  crank  shaft  has  to 
work  in  a  limited  space  the  webs 
are  flattened  to  an  elliptic  form 
so  as  to  be  as  stiff  as  possible. 
After  bending,  the  bearings  are 
turned,  while  in  block  cranks 
more  than  30  per  cent,  in  weight 
has  to  be  cut  away. 

The  Grantham  Crank  and 
Iron  Company,  Grantham,  who  make  a  speciality  of  bent  cranks,  take 
a  7-in.  shaft  of  iron  14  ft.  long,  and  bend  it  into  a  three-throw  crank 
by  the  aid  of  hydraulic  machinery  in  considerably  less  time  than  if  the 
crank  were  forged  from  slabs  of  steel  and  welded.  In  large  crank 
shafts  the  webs  are  generally  formed  from  a  solid  block ;  in  this  case 
it  is  better  not  to  attempt  bending,  neither  could  massive  shafts  be 
bent  so  that  the  arms  or  webs  shall  be  a  limited  distance  apart.  This 
is  obvious,  owing  to  the  curves  necessarily  formed  by  bending  a  round 
shaft  to  fonn  a  right  angle. 

Cast-iron  cranks  are  (Figs.  182,  183)  also  used  for  driving,  but  when 
made  of  this  material,  the  arm  has  a  web  in  the  centre  which  considerably 
strengthens  it.  For  heavy  driving  a  double  web  runs  each  side  between 
the  knave  and  crank  pin  boss.  Mild  steel  castings,  however,  are  stronger 
than  cast  iron,  and  are  frequently  used,  in  which  case  the  webs  are 
unnecessary. 

High-speed  engines  of  the  horizontal  type  usually  are  constructed 
with  a  disc  crank  shown  in  Fig.  183.  The  disc  is  made  of  cast  iron, 
and  the  crank  pin  of  mild  steel,  opposite  which  a  balance  weight  is 


Fig.  182.— Cast-ir 
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placed  to  compensate  for  it  and  the  connecting-rod  end.  By  this 
arrangement  the  centrifugal  force  is  uniformly  distributed,  thus  at  all 
points  an  equal  drive  is  obtained.  Crank  pins  may  be  secured  in 
several  different  ways,  either  by  hydraulic  or  other  pressure,  in  which 
case  the  hole  is  bored  slightly  less  in  diameter  than  the  pin.    The  crank 


Fig.  J83.— Disc 


is  then  heated  to  admit  the  pin  a  little  way;  the  pressure  is  thenapplied. 
Treated  thus,  there  is  no  need  for  riveting.  Another  plan  is  to  turn  the 
crank-pin  taper,  and  then  rivet  the  end  over,  further  securing  it  with 
a  taper-pin. 


Kin.  184. — Seclion  of  pislon  and  rings. 

FistosB  and  Piston  RingB. — Piston  rings  are  made  of  cast  iron  or 
mild  steel.  Those  of  the  former  material  are  turned  in  the  lathe ;  a  tool 
holder  containing  two  tools  is  frequently  used  for  the  purpose.  By  the 
use  of  tools  of  this  class  the  rings  are  bored  and  turned  at  the  same 
setting  simultaneously.    A  cylinder  is  held  to  the  face  plate  of  the  lathe 
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and  the  rings  are  machined  and  cut  off  by  the  aid  of  a  parting  tool.     In 

the  most  recent  practice  several  turning  tools  are  cutting  at  the  same  time. 

"  Ramsbottom "  rings  for  locomotive  engine  cylinders  are  usually 

J  in.  in  excess  of  the  bore  diameter,  and  are  made  of  steel  by  rolling  it 


Fig.  185A,— Junk  rings. 

into  the  required  section,  and  afterwards  by  winding  it  on  a  mandrel  of 
suitable  section. 

Pistons. — A  piston  is  a  turned  metal  disc,  broad  enough  to  receive 
two  or  three  rings.  The  diameter 
of  the  piston  is  slightly  less  than 
the  bore  of  its  cylinder;  the 
pressure-tight  joint  being  made  by 
the  piston  rings,  which  are  sprung 
into  place,  as  shown  in  Fig.  184. 
The  piston  may  be  fitted  to  its 
rod  in  several  different  ways  ac- 
cording to  its  purpose. 

The  loco  motive- engine  type 
of  piston  has  a  taper  equal  to  i 
in  16  bored  partway  through  it, 
according  to  which  the  piston  rod 
is  turned  to  fit,  the  end  being 
provided  with  a  nut  and  cotter- 
pin  to  keep  it  in  place,  or  it  may 
be  like  a  crank-pin  riveted  over. 

Junk  Rings. — Junk  rings  are 
annular  in  shape  and  are  fitted 
to  the  piston  by  bolts  and 
screws.  The  piston  rings  are 
thus  fitted  into  place  without 
force    (see    Fig.    i8sa).       The 

illustrations  show  different  forms  Kio.  iS5». 

of  pistons,  but  each   are    fitted 

with  Ramsbottom  rings,  which  are  all  made  to  standard  sizes.  There 
are  three  other  kinds  of  piston  shown  here,  but  the  expanding  ring  is 
fitted  to  all  (see  Fig.  iSsn  c  d  e). 
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Turniiig  the  Ovals  on  LooomotiTe  Engine  CrankB.— Figs.  iS6 
187  are  to  show  the  arrangement  by  which  the  ovals  on  a  two-tl 


FcG.  185E. — Various  fotms  of  pistons. 

crank  shaft  are  turned  to  receive  the  strengthening  straps.  To  obtain  a 
uniform  grip  at  all  points  the  straps  are  shrunk  on  hot.  Two  crank 
shafts  with  the  straps  in  place  are  clearly  seen,  one  on  the  floor  of  the 
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shop,  and  another  in  a  lathe  at  a  little  distance  off.  The  crank-turning 
lathe  is  provided  with  a  face  plate  of  6  feet  diameter,  on  to  which  two 
heavy  weights  are  secured  to  balance  the  crank  axle.  A  massive 
bracket  is  also  bolted  to  the  face  plate  of  Che  lathe;  the  bracket  is 
provided  with  a  cap  and  screws  to  hold  the  crank  in  place  while  it  is 
being  turned.  A  similar  bracket  is  carried  at  the  opposite  end  o(  the 
shaft  in  which  the  centre  is  located. 

The  shaper  plate  is  made  in  two  parts,  and  is  cHpped  to  the  centre  of 
the  axle;  but  in  addition  to  this  a  steel  pin  zj  in.  diameter  passes 
through  shaper  plate,  crank  axle,  and  bracket  on  face  plate,  holding  the 
axle  in  correct  position. 


Fig.  187.— Turning  Ihe  oval. 

There  is  a  slide  rest  at  work  on  each  side  of  the  shaper  plate,  and 
each  rest  carries  a  cutting  tool  and  a  holder  in  which  a  roller  6  in. 
diameter  is  pivoted.  Each  roller  is  made  to  press  hard  against  the 
shaper  plate  by  a  weight  of  450  lbs.  shown  at  the  end  of  a  system  of 
levers.  Thus  when  the  lathe  is  set  in  action,  since  the  rest  screws  are 
removed,  the  cutting  tools  are  caused  to  make  a  reciprocating  motion 
and  thereby  produce  an  exact  contour  of  the  shaper  plate  on  the  crank 
as  the  work  proceeds. 

Screw-cutting  Lathes,— Screw-cutting  lathes  are  made  in  a  variety 
of  forms,  but  all  are  provided  with  a  master  screw,  which  is  generally 
called  a  "guide  screw,"  or  "leading   screw."     This  screw  is  a  very 
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important  part  of  a  lathe  and  should  therefore  be  reliable,  as  it  controls 
the  rate  of  movement  the  tool  works  at  whenever  screws  are  being  cut. 

Guide  Screw. — Besides  the  lathe  having  an  accurately  pitched  guide 
screw,  it  is  also  essential  that  the  workmanship  is  of  the  best  possible 
kind  and  finish  for  every  detail  in  the  whole  construction. 

Now,  a  lathe  is  necessarily  a  copying  machine,  and  it  is  therefore 
obvious  that  any  work  done  on  a  lathe  is  accurate  only  to  the  same 
extent  as  the  lathe  itself  is  accurate  in  construction. 

A  modern  lathe  to  be  built  such  as  above  possesses  the  following 
features — 

Bed. — ^The  bed  should  be  provided  with  broad  surfaces  and  well 
stayed  with  webs  at  frequent  intervals  so  as  to  be  perfectly  rigid  under 
any  load. 

Fast  Head. — The  fast  headstock  carrying  the  driving  spindle  must 
be  made  with  large  bearings,  and  have  a  broad  as  well  as  a  long  base 
accurately  padded,  by  scraping  on  its  under  surface,  to  the  surface  of 
the  bed. 

Steel  Spindle. — The  spindle  should  be  of  steel  and  provided  with 
*'  necks "  (bearings)  of  large  diameter  to  ensure  a  steady  and  reliable 
drive  for  all  kinds  of  work.  It  must  revolve  perfectly  truly  from  end  to 
end,  and  should  therefore  be  hardened  and  finally  ground  true  with 
emery  wheels  (see  Fig.  192). 

fjte  Saddle. — The  saddle  or  carriage  must  have  a  broad  surface  in 
contact  with  the  bed  and  carry  deep  vee  strips  to  ensure  a  full  and  even 
.  fit  when  traversing  over  heavy  cuts  of  steel.  The  most  recent  practice 
is  to  gib  the  slides  with  an  additional  stay,  usually  made  to  a  right  angle. 
Boles  for  calculating  Change  Wlteels  for  Screw  Cutting.— Screw- 
cutting  lathes  usually  are  fitted  with  guide  screws  \  in.  or  i  in.  pitch. 
Whitworth  lathes  are  supplied  with  change  wheels  commencing  at 
15  teeth  and  advancing  by  5  teeth  up  to  150.  Other  lathes  have  as 
wheels  advancing  by  5  teeth  from  20  to  120,  There  are  two  with  40 
teeth  for  convenience  of  cutting  screws  similar  to  the  guide  screw. 

Pitch. — The  pitch  of  a  screw  is  the  distance  that  the  screw  advances 

in  one  revolution,  that  is  the  distance  between  the  centres  of  two  threads. 

Rule  1.  For  calculating  number  of  teeth  in  change  wheels:  Form 

a  fraction  whose  numerator  is  the  number  of  threads  per  inch  in  the 

guide  and  whose  denominator  is  the  number  of  threads  per  inch  in 

the    screw  to  be  cut.     Multiply  this  fraction -above  and  below  by  a 

suitable  number  to  get  the  teeth  for  the  change  wheels.     The  numerator 

so  obtained  represents  the  drivers,  the  denominator  the  followers.    The 

wheel  on  the  spindle  end  is  a  driver,  that  on  the  guide  screw  a  follower. 

Example  i. — In  a  lathe  having  a  guide  screw  of  ^-in.  pitch,  it  is 

requited  to  cut  a  screw  with  6  threads  per  inch — right  hand  (Fig.  188). 

Guide  screw  \  in.  pitch  or  4  threads  per  inch.     Screw  to  be  cut 

6  threads  per  inch.     Fraction  required  is  %;  multiplying  this  by  —  we 

get  ^— —  or  |2  40  and  60  for  the  number  of  teeth  on  the  driver  and 

follower  respectively. 

Method  of  Oeariiig  the  Wheela, — Having  selected  the  wheels  the 
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driver  (40)  is  first  put  on  the  spindle  end,  then  the  follower  ((>.  60)  is 
fixed  on  the  guide  screw.  The  socket  stud  and  the  quadrant  are 
loosened,  and  a  suitable  wheel  is  put  on  the  socket  to  gear  with  the  60 ; 
the  stud  is  then  secured,  and  the  quadrant  revolved  until  the  teeth  of 
socket  or  intermediate  wheel  engage  with  those  of  the  driver  (20). 
The  quadrant  is  then  fastened,  and  the  gear  is  complete. 

Note. — Care  must  always  he  taken  to  revolve  the  train  by  hand 
bejore  starting  the  lathe.  This  will  show  at  once  whether  the  teeth  are 
properly  meshed  and  if  everything  is  clear. 

Utile  2. — When  the  screw  to  be  cut  has  not  a  definite  number  of 
threads  per  inch,  find  a  complete  number  of  inches  containing  a  com- 
plete number  of  threads,  both  of  the  screw  to  be  cut  and  the  guide 
screw. 

Example  2. — A  screw  of  j-in.  pitch  is  to  be  cut  in  a  lathe  having 
a  guide  screw  of  ^in.  pitch. 

Here  the  guide  screw  =  6  threads  in  3  in. 
and  the  screw  to  be  cut  =  8  threads  in  3  in. 

Ratio  =  |  =  }x}S  =  i§  =  ^2i!L 
follower 

the  driver  being  the  wheel  00  the  spindle  end. 

Example  3. — It  is  required  to  cut  a  screw  16  threads  per  inch  in  a 
lathe  having  a  guide  screw  of  4  threads  per  inch. 

"^      *      ^"       ^*''      follower 
Example  4. — To  cut  28  threads  per  inch  in  a  lathe  with  guide 
screw  4  threads  per  inch. 

Coinpotmd  Train. — Here  we  require  a  wheel  with  140  teeth,  which 
is  not  supplied  in  all  lathes,  therefore  a  compound  train  must  be 
employed. 

^  j.^2_Mx  ji(L  =  2o    .£0.      drivers 
as      6      Tu      luo      Tu     100      followers 

Example  5. — To  cut  a  screw  of  i^in.  pitch,  guide  screw  5-in, 
pitch. 

Here  the  guide  screw  =  i-in.  pitch  =  ^ 
Screw  to  be  cut  =  i^in.  pitch  =  ^ 
Ratio  =  ^ 
Bringing  these  to  lowest  terms — 

=  guide  screw  threads  in  23  in.  =  46 
=  screw  to  be  cut  in  23  in.         =16 
_^^      driver 
^''       follower 


Compound  train  for  example  5— 


drivers 
followers 
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The  preceding  remarks  can  be  summarised  bythefollowing  formula : — 
Pitch  of  screw  to  be  cut  _  Product  of  teeth  of  drivers 
Pitch  of  guide  screw        ~  Product  of  teeth  on  followers 
Screw  Cutting.     Doable  Threads. — Screws  having  two  or  more 
starting  places  are  usually  made  by  first  cutting  one  thread,  and  then 
lowering  the  quadrant  plate,  while  the  lathe  spindle  is  made  to  rotate 
for  a  portion  of  a  circle.     The  exact  amount  of  rotation  is  decided  by 
the    kind    of  screw   to    be  made — that  is,    whether   two,    three,    four, 
or    whatever  number  of  starting  places  or  "leads"  are  required.     It 
is  customary  to  fix  a  change  wheel  on  the  spindle  end,  which  will  be 
devisable  by  the  number  of  leads  which  the  screw  must  have. 

Example  6. — To  cut  a  screw  with  two  starting  places :  ^in,  pitch 
in  a  lathe  having  a  guide  screw  of  i-in.  pitch,  |j  or  3I,  60  being  placed 
on  the  spindle  and  30  on  the  guide  screw. 

After  cutting  the  first  thread,  lower  the  swing  plate  out  of  gear,  and 
rotate  the  lathe  spindle  half  a  revolution;  i.e.  afier  thirty  teeth  have 
passed,  the  quadrant  is  again  raised,  and  the  wheels  engaged  while  the 
second  thread  is  cut. 

Another  plan  is  to  withdraw  the  socket  on  which  the  intennediate 
wheel  rides,  and  return  it  when  the  mark  on  the  spindle  wheel  agrees 
with  the  one  on  the  socket  wheel. 

There  is,  however,  a  certain  risk  of  the  "backlash"  being  made 
more  or  less  by  either  of  the  above  methods,  and  consequently  a 
possibility  of  error  in  the  "spacing"  of  the  threads,  i.e.  the  tool  may 
cut  more  to  one  side  than  another,  thus  leaving  the  width  of  the  threads 
unequal.  To  obviate  this,  it  is  better  to  divide  the  front-gear  wheel 
in  the  headstock  into  as  many  divisions  as  there  are  starting  places 
in  the  required  screw  (where  pitch  will  agree  to  this).  By  this  arrange- 
ment there  is  not  the  same  probability  of  error,  and  indeed  the  screws 
may  be  cut  without  even  stopping  the  lathe. 

Screw  Catting.  Holtlple  Threads.— When  the  work  has  two  or 
more  starts,  it  is  sometimes  the  practice  to  have  holes  drilled  in  the 
work  for  the  tool  to  either  start  or  finish  in.  The  position  of  the  holes 
has  to  be  accurately  set  out. 

Drilled  Holes  for  TooL — There  is  an  advantage  in  having  holes  for 
the  tool,  as  the  full  depth  of  the  cut  can  then  be  made  to  a  definite 
distance,  otherwise  the  cut  has  to  be  "  put  on "  or  released  gradually 
while  the  saddle  is  traversing. 

Use  of  Multiple  Threads. — Multiple  threads  are  frequently  cut  on 
comparatively  small  screws  to  obtain  a  quick  movement,  but  the  depth 
of  the  thread  is  diminished,  and  the  strength  of  the  screw  reduced. 

Stop  on  Lathe  Bed.  Engaging  Nut  for  Odd  Filches. — It  is  necessary  to 
fix  a  stop  to  the  lathe  bed  when  screws  are  to  be  cut  which  are  not  a  mul- 
tiple of  the  guide  screw — as  i,  3, 5,  assuming  G.  S.  =  i-in.  pitch,  and  the 
nut  can  only  be  engaged  every  altertute  revolution  of  the  guide  screw. 

Engaging  Nut  for  Even  Filches. — When,  however,  even  numbers 
are  being  cut,  as  2,  4,  8,  12,  the  nut  will  engage  correctly  at  every 
revolution  of  the  screw,  and  at  any  position  along  the  lathe  bed. 
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Marking  for  Position  of  G.  S.  to  Sf  indie. — When  cutting  an  odd 
pitch  screw,  the  saddle  is  first  brought  up  to  the  stop,  and  the  lathe 
rotated  by  hand  until  the  nut  will  slide  easily  into  Its  place  in  the  guide 
screw.  A  chalk  mark  is  then  made  on  the  face  plate  and  on  the 
guide  screw.  After  a  cut  has  been  taken,  the  saddle  is  wound  back 
to  its  stop,  and  the  iathe  rotated  until  the  chalk  marks  relatively 
agree,  and  the  nut  again  engaged,  and  a  second  cut  is  taken,  and  so 
on.  An  experienced  workman  will  count  the  number  of  revolutions 
necessary  to  make  the  marks  agree  without  stopping  the  lathe. 

Referring  to  Example  i,  the  screw  to  be  cut  will  have  its  threads 
lean  in  the  same  direction  as  the  guide  screw,  viz.  right  hand.  When 
left-hand  screws  are  to  be  cut,  there  are  two  intermediate  wheels  in  the 
train,  causing  the  guide  screw  to  rotate  in  an  opposite  direction. 

Eeversing  Motion. — To  relieve  this,  many  lathes  are  fitted  with  a 
reversing  motion  (see  Whitworth  Lathe,  end  elevation.  Fig.  ii8).  This 
consists  of  a  plate  and  three-pinions,  one  of  which,  engaging  with  a 
similar  wheel  on  the  spindle  end,  gives  motion  to  an  axle  on  which 
the  driver  is  fixed. 

By  changing  tlie  position  of  the  above  plate  about  its  axis  the 
pinion  is  ungeared,  and  a  movement  upward  or  downward  causes  the 
change  wheels  to  rotate  the  guide  screw  in  different  directions.  This 
arrangement  is  very  useful  for  screw  cutting,  while  for  "traversing" 
lathes  it  is  most  economical.  Since  there  is  the  same  rate  of  speed 
to  the  driver  as  when  it  is  on  the  spindie  end,  reversing  motion  is 
ignored  in  making  calculations. 

Screw  Cutting  in  the  Lathe.  Tool  Making. — In  making  the  tools 
for  screw  cutting,  it  is  very  important  to  notice  that  the  angle  of  the 
tool  is  sufficient  to  give  a  clearance  to  the  cutting  edges,  and  no  more. 

There  is  no  definite  angle  at  which  a  tool  is  to  be  made  when  the 
screws  to  be  cut  are  not  of  the  same  diameter.  In  cutting  vee  threads 
there  is,  however,  a  possibility  of  making  one  or  two  tools  with  sufficient 
clearance,  so  that  they  will  answer  for  screws  ranging  from  5  in.  to  15  in, 
diameter. 

It  is  to  be  remembered  that  a  Whitworth  vee  thread  is  roimded  at 
top  and  bottom  to  a  depth  of  \  of  its  pitch,  and  therefore  a  tool  made 
for  a  small  screw  would  be  too  sharp  for  a  laiger  one,  or  visa  vers&  a 
tool  made  suitable  for  a  15  in.  diameter  screw  would  be  too  stunted 
for  one  of  5  in.  diameter.  Besides  this,  as  will  be  presently  shown, 
there  is  no  economy  in  repeatedly  altering  tools. 

It  is  a  generally  adopted  system  now,  where  a  tool-room  is  kept 
going,  to  have  a  staff  of  men  making  tools  and  keeping  them  in  repair. 
This  does  away  entirely  with -workmen  altering  the  tools,  or  making 
and  tempering  them,  and  is  a  decided  saving  where  it  is  properly  carried 
out  for  the  following  reasons.  Instead  of  each  operative  leaving  his 
machine,  and  attending  to  tool  making  or  repairing  (which  in  itself  is 
a  serious  loss  of  the  time  the  machines  are  capable  of  rurming),  and 
where  great  numbers  of  men  are  employed,  the  aggregate  time  the 
machines  are  standing  has  been  found  to  be  considerable,  a  boy 
fetches  all  tools  and  returns  with  new  ones.     Another  good  feature  is 
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the  discipline  of  the  shop.  Again,  where  a  tool-room  is  kept,  all  tools 
being  attended  to  by  skilful  mechanics  ensures  their  accuracy  in  shape, 
rake,  and  temper.   Lastly,  because  where  tool  fitters  are  employed,  dupli- 


FiG.  i88. — Examples  of  gearing  change  wheels. 


cates  of  all  tools  are  kept,  so  that  there  is  only  a  minimum  of  time 
lost  by  the  machines  standing,  i.e.  simply  while  the  tools  are  changed. 


^Graup  of  tools  ground. 
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GRINDING    WHEELS,  AND  MACHINERY. 

The  old  method  of  grinding  by  using  wheels  of  grit  or  sandstone  is 
gradually,  but  surely,  giving  place  to  the  use  of  emery,  or  corundum 
wheels.  It  would  he  impossible  even  to  refer  to  all  the  uses  to  which 
grinding  wheels  may  be  put,  seeing  they  are  alike  indispensable  in  the 
tool  room,  the  machine  shop,  and  foundry  fettling  shops. 

Special  machines  are  made  to  cany  these  comparatively  small  discs, 

and   most    of  them   are   made    to  work  automatically  and  by   hand. 

Fig.  190    is   a   grinding    machine    by   Messrs.    Smith    and    Coventry, 

Manchester.     Fig.  190A  shows  a  machine  by  Luke  and  Spencer,  of 

Manchester,     This  machine  carries  a  very  hard  grinding  wheel,  and  is 

used   exclusively  for    sharpening 

tools.        A     universal     grinding 

machine  is  represented   on   Fig. 

rgi,  made  by  Messrs,  Brown  and 

Sharpe,  of  America,  details  of  this 

machine  and  some  of  its  uses  will 

be  considered  later. 

Emery  Wheels. — Rock  emery 
stone,  which  is  imported,  is 
crushed  by  machinery.  The 
finely  divided  grains  are  after- 
wards compressed  with  glutinous 
'  matter  into  a  variety  of  shapes 
of  wheels  or  bars  to  suit  different 
Fio.  190.  purposes.     The  wheels  are  graded 

as  coarse,  medium,  or  fine ;  they 
are  also  classed  according  to  their  size,  and  the  nature  of  the  metal 
they  have  to  work  upon.  Some  are  intended  to  work  dry  upon  cast 
iron,  brass,  etc.,  while  with  others,  made  to  work  upon  cutting  tools 
and  hardened  portions  of  machinery,  it  is  customary  to  use  water.  If 
these  were  used  dry,  the  steel  tools  would  be  immediately  softened,  and 
their  temper  destroyed.  These  wheels  are  much  superior  to  grind- 
stones, especially  in  small  tool  grinding.  They  cut  more  quickly  and 
smoothly  and  their  side  faces  may  be  used  as  well  as  their  periphery. 
Screw-cutting  toob,  which  would  have  to  be  softened  and  filed,  can 
readily  be  ground  with  emery  wheels  and  their  temper  and  form 
maintained. 
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Another  important  use  is  the  grinding  of  engine  connecting  rods  after 
hardening ;  this  will  be  treated  later. 

It  is  well  known  to  all  engaged  in  the  manufacture  of  h^h-class 


Fig.  190A. — Tool  grinder. 

machines  and  instruments  of  precision  that  the  lathe  is  incapable  of 
producing  accurate  work  even  in  the  softer  metals,  and  in  operating 
upon  hardened  surfaces  it  fails  altogether. 
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It  is  very  important  to  have  journals  and  other  wearing  surfaces 
smooth  and  true  when  they  are  finished.  If  they  are  imperfectly  made 
their  tendency  is  to  become  worse  by  wear.  In  fact,  success  in  the 
manufacture    of  machine    tools   demanding   accuracy  depends   largely 


upon  methods  which  will  produce  better  work  than  the  lathe.  The 
only  successful  method  employed  at  the  present  time  to  meet  this  want 
is  to  use  the  lathe  as  a  roughing  tool,  to  bring  the  work  approximately 
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to  the  desired  size,  and  then  to  finish  by  grinding  with  emery  wheels 
in  a  suitably  designed  machine. 

The  introduction  of  hardened  spindles  (Fig.  192),  bearings,  etc.,  into 


—Universal  grinding 


lathes,  milling   machines,   drilling    machines,  etc.,   which   are    most 
valuable,  wo>dd  be  impossible  without   the  use  of  suitable  grinding 
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Fio.  191C. — UnivciEal  grindiog  machine,  showing  overhead  arrangement. 
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machinery.  By  chus  finishing  such  work  as  crank  pins,  valve  rods 
and  piston  rods  of  locomotive  and  other  engines,  a  vast  amount  of 
saving  is  effected  in  the  cost  of  production  as  well  as  a  great  improve- 
ment in  the  quality  and  durability  of  the  work. 

That  it  costs  much  less  to  finish  off  work  by  grinding  with  emery 
wheels  than  by  the  old  method  on  the  lathe,  has  been  repeatedly 
proved  by  experience.  As  grinding  wheels  for  a  given  amount  of  work 
cost  less  than  files,  emery  cloth,  etc.,  it  is  readily  seen  that  the  saving, 
together  with  the  time  required  to  do  the  work,  is  a  material  one 
whether  the  grinding  is  done  for  making  accurate  fits  or  rough  sizing. 

In  many  instances  actual  practice  shows  that  soft  steel  can  be 
worked  to  much  better  advantage  by  grinding  than  in  the  lathe,  as  the 
stock  can  be  removed  more  rapidly,  and  the  sizing  cut  usually  is 
saved;  accuracy  is  incidental  to  the  process,  and  costs  nothing. 

An  important  point  in  emery  wheels  is  that  they  should  be  securely 
held  in  position.  It  is  also  equally  important  that  the  holding  device 
shall  be  symmetrical,  because  of  the  great  centrifugal  force,  especially 
in  wheels  of  considerable  dimensions.     It  is  not,  however,  safe  to  grip 


Fio.  191, — Lathe  spindle  hardened  and  ground. 

a  wheel  of  emery  as  though  it  were  iron,  because  it  may  crack,  as  indeed 
would  be  the  case  with  a  wheel  of  a  thin  section. 

To  guard  against  breakage  when  mounting  a  wheel  it  is  the  practice 
to  observe  the  following  points  : — 

1.  There  should  be  washers  of  rubber,  felt  or  blotting  paper 
inserted  between  the  faces  of  the  wheel  and  the  flanges  which  grip  it  to 
the  spindle.  These  preserve  the  emery  from  getting  unduly  crushed 
and  give  a  belter  grip  to  the  wheel  than  if  secured  with  an  equal 
pressure  without  them. 

2.  Flat  wheels,  which  are  made  with  small  bores,  should  be  a  loose 
fit  on  their  spindles,  the  reason  for  this,  which  is  most  important,  is  that 
should  the  spindle  get  heated  and  expand  it  would  hurst  the  emery 
wheel  and  probably  do  serious  damage.  To  prevent  this  bursting 
tendency  a  bushing  of  lead  is  given  to  the  wheels  which  would  melt 
before  any  damage  could  be  done  to  the  emery. 

Large  wheels  are  mounted  in  various  ways,  one  of  which  is  shown  in 
Fig.  r93,  where  the  cast  iron  bush  and  flange  are  made  in  one  piece, 
and  the  boss  is  extended  through  the  wheel  to  receive  a  loose  washer. 
It  will  be  seen  that  this  arrangement  is  superior  to  one  having  two 
washers  dependent  on  the  holts  for  location.  Immediately  above  the 
core  of   the    wheel  the  faces  are   undercut  in  the   manner    shown 
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(Fig.  193)  and  the  flange  washers  made  to  fit.     A  dovetail  joint  is  useful, 
as  the  wheel  is  securely  held  true  both  on  the  face  and  circumference. 

An  ingenious  arrangement  is  shown  in  Figs.  1 94, 1 94A  and  b,  by  which 

face  wheels  may  be  securely  held  and  the  mechanism  adjusted  as  the  wear 

of  the  wheel  requires.     The  back  plate  is  bored  to  fit  the  spindle  of 

the  machine,  between  which  and  an  internal  iron  ring  the  back  flange 

of  the  grinding  wheel  is  gripped.    India-rubber  washers  are  first  inserted 

between  the  iron  and  the  wheel;  the  whole 

is  then  enclosed  in  a  brass  hoop,  or  shield, 

and  this  is  secured  to  the  back  plate  with 

countersunk  screws.    The  brass  hoop  is  screw 

cut    on    its  outer  circumference  and  a  lock 

nut  threaded  to  fit  is  shown  in  section  (Fig. 

194).     The  diameter  is  tapered  a  little  and 

at  intervals  saw  slits  are  made  which  enable 

the  hoop  to  yield  to  the  pressure  of  the  lock 

nut  and  thus  grip  the  wheel.     As  the  wheel 


Fig.  194.— Etnery  wheel  and  mouDi- 
FiG,  193. — Mounted  emery  wheel.  ing  id  seclion. 

wears  the  screws  are  removed,  the  lock  nut  slackened,  and  the  hoop 
is  set  back,  until  the  second  series  of  screw  holes  are  visible.  This 
setting  back  may  be  repeated  several  times;  each  setting  makes  the 
projecting  portion  of  the  wheel  in  all  respects  equal  to  new. 

When  truing  emery  wheels  the  best  results  are  obtained  by  securing 
the  diamond  tool  in  a  tool  rest  {see  Fig.  196);  when  it  is  held  by 
hand  (here  is  more  or  less  vibration.  The  discs  of  emery  are  made 
into  almost  every  conceivable  shape  to  suit  the  various  tools.  The 
practice  is  lo  first  note  the  nature  of  the  material  to  be  ground,  and  the 
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amount  of  metal  to  be  removed,  then  the  shape  of  the  work  decides 
the  shape  of  the  wheel.  The  wider  the  wheel  the  better  the  result, 
that  is  a  general  rule,  but  it  sometimes  occurs  that  a  narrow  wheel 
must  be  used,  in  which  case  the  grade  should  be  in  harmony  with  the 
work  the  wheel  has  to  do. 

Fig.  195  is  a  duplex  grinder.  Figs.  196  and  197  illustrate  the  truing 
of  a  grinding  wheel  on  the  side  and  face  respectively  by  means  of 
a  black  diamond. 

A  satisfactory  emery  wheel  is  an  important  factor  in  the  production 
of  good  work.  Too  much,  however,  must  not  be  expected  of  one 
wheel.  A  variety  of  shapes,  sizes,  and  grades  of  wheels  is  necessary  to 
bring   out  all  the  possibilities  of  grinding  machinery  ;  the  same  as  a 


Fig.  194B.— Emery  wheel. 
Fig.  194A.— Emery  wheel  mounted. 

variety  of  shapes  and  sizes  of  tools  are  necessary  to  obtain  the  best 
results  from  the  lathe  or  milling  machine. 

These  suggestions  are  not  offered  as  positive  rules,  but  as  the 
embodiment  of  experience  and  as  representing  the  methods  which 
eminent  firms  have  found  in  their  own  practice  as  desirable. 

In  machine  grinding  it  is  most  desirable,  in  order  that  the  cut 
may  be  constant  and  give  the  least  possible  pressure  and  heat,  to  break 
away  by  the  act  of  grinding  the  particles  of  the  wheels  as  they  become 
dull.  It  is  this  faculty  of  yielding  to  or  resisting  the  breaking  out  of 
these  particles  that  is  called  the  grada  As  a  rule,  the  harder  the  material 
to  be  cut,  the  coarser  the  wheel  required  to  produce  a  given  finish.  For 
example,  coarser  wheels  are  required  to  produce  a  given  surface  upon 
hardened  steel  than  upon  soft  steel.  While  finer  wheels  are  required  to 
produce  the  same  surface  upon  brass  or  copper  than  upon  either 
hardened    or    soft   steel.      \Vheels  for  soft  steel  are   harder  than   for 
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hardened  steel  or  cast  iron.     For  brass,  copper,  and  rubber  they  are 
much  softer. 

The   temper  of  a    wheel    is   dependent  upon   the  quahty  of   the 


Fig,  195.— Duplex  grinder  by  Luke  and  Spencer. 

corundum  particles  to  withstand  dulhng ;  so  that  the  better  the  material 
the  better  the  temper.  A  wheel  is  soft  or  hard  according  to  the  amount 
and  character  of  other  materials  combined  in  the  process  of  manufacture. 
If  a  wheel  is  hard  and  heats  or  chatters  it  can  often  be  made  more 
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effective  by  turning  off  a  part  of  its  cutting  surface;  but  it  must  be 

clearly  understood  that  while 

this   will  sometimes  prevent 

a  hard  wheel  from  heating  or 

chattering   the   work,  such  a 

wheel    will    not    prove    as 

economical  as  one  of  the  full 

width  and  proper  grade. 

Grade  of  Wheels.— The 
width  should  be  in  propor- 
tion to  the  amount  of  metal 
to  be  removed  with  each 
revolution ;  and  as  the  wheel 
cuts  in  proportion  to  the 
number  of  particles  in  con- 
tact with  the  work,  less  metal 
will  be  removed  by  a  narrow 
wheel  than  by  one  that  is  of 
full  width.  The  feed  will 
also  have  to  be  finer  if  a 
narrow-faced  wheel  is  used. 

If  the  wheel  is  of  the 
right  grade  it  will,  as  a  rule, 
improve    the    quality  of  the 

work  if  used   with  full  width         ^ig.  197.— Diamond  tool  truing  wlieel  rim. 
of   £ace.     Judgment    should 
be  used  in  deciding  upon  the  width  of  wheel  to  be  used,  as  sometimes 
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the  work  is  of  such  sii:e  and  shape  as  to  make  it  necessary  to  use  a 
wheel  with  a  narrow  face.  Where  this  is  the  case,  and  strength  will 
admit,  the  wheel  should  be  of  the  same  width  throughout.  Wide 
wheels  and  fast  table  feeds  can  be  used  on  all  work  where  the  wheel 
can  pass  one  quarter  to  one  half  of  its  thickness  beyond  the  end  of  the 
work  or  over  a  recess ;  but  a  narrower  wheel  is  the  best  when  grinding 
against  shoulders  not  recessed,  or  when  the  recess  is  narrow.  It  has 
been  generally  considered  that  a  wheel  \  in.  wide  is  the  widest  that  can 
be  used  for  die  latter  purpose  :  thus  it  is  that  makers  often  furnish  a 
wheel  of  this  size  with  their  machines;  but  the  Universal  Grinding 
Machine  (Fig.  191)  will  take  wheels  as  follows  :  i6-in.  machine,  to 
j-in.  face;  30-in.  and  40-in.  machines,  from  J-in.  to  |-in.  face;  and  the 
60-in.,  72-in.,  and  96-in.  machines,  from  5-in.  to  i-in.  face. 

Many  operators  of  grinding  machines  think  it  is  better  in  all  cases 
to  turn  off  a  portion  of  the  face  of  the  wheel,  leaving  in  some  instances 
little  more  than  a  knife  edge.  While  this  method  is  often  necessary 
in  dry  grinding,  as  the  heat  produced  by  a  wide  cut  will  cause  the 
wheel  to  chatter,  it  is  not  recommended  as  economical  in  general 
practice.  The  reduction  of  the  face  of  the  wheel  necessarily  increases 
the  time  to  do  the  work ;  that  is,  a  wheel  \  in.  wide  cannot  be  fed  more 
than  A  in.,  while  one  \  in.  wide  can  be  fed  \  in.  or  more,  and  a  5-in, 
wheel  5  in.  or  more  per  revolution  of  the  work, 

Emery  Wheels,— With  a  wheel  that  is  too  hard  for  the  work  these 
feeds  must  be  much  less,  as  such  a  wheel  will  leave  feed  marks  if  not  fed 
slowly.  The  more  emery  in  contact,  the  deeper  the  cut,  and  the  faster 
the  feed  that  can  be  taken.  The  following  illustration  will  serve  to 
show  the  advantages  of  a  wide-faced  wheel  :— 

A  piece  of  steel  easily  affected  by  heal  was  ground  with  a  5-in.  full- 
faced  wheel,  plenty  of  water  being  used.  Eight  thousandths  was  taken 
from  the  diameter  in  five  minutes,  and  no  chattering  or  eccentric  grinding 
occurred.  The  piece  was  then  put  into  another  machine,  and  ground 
dry  with  a  narrow-faced  wheel  about  \  in.  In  the  latter  case  much 
difficulty  was  experienced  from  the  wheel  grinding  on  one  side,  and  at 
the  end  of  five  minutes  only  one  and  a  half  thousandths  had  been 
ground  off. 

A  wheel  is  most  efficient  at  the  point  just  before  it  ceases  to 
crumble.  The  faster  it  is  run  at  this  point,  the  more  metal  will  be  removed, 
and  the  more  economically  the  work  will  be  produced.  Occasionally, 
however,  it  is  necessary  to  run  a  wheel  more  slowly,  as  the  slower  it 
runs  the  coarser  it  cuts,  and  it  is  less  likely  to  change  the  temperature. 
As  a  general  rule,  on  any  given  material,  the  softer  the  wheel  the  faster 
it  should  run.  Should  a  wheel  heat  or  glaze,  more  effective  work  can 
often  be  obtained  by  running  it  slower.  If,  on  the  other  hand,  it  is 
too  soft,  it  can  often  be  made  to  hold  its  siae  and  grind  straight  by  using 
a  higher  speed. 

The  speed  of  work  and  cut  of  wheel  bear  such  close  relation  to 
each  other  that  it  is  best  to  consider  them  together.  The  surface  speed 
of  the  work  should  be  proportional  to  the  grade  and  speed  of  the 
wheel.     For  example,  if  a  piece  1  in.  in  circumference  is  being  ground 
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successfully  with  a  given  wheel,  and  the  wheel  is  sizing  accurately  in 
response  to  the  gradations  on  the  cross-feed  wheel,  a  piece  a  in.  or  3  in. 
in  circumference  would,  with  the  same  wheel  and  number  of  revolutions, 
show  a  coarser  surface  ;  and  the  wheel  would  cut  lai^er  than  shown  by 
the  gradations  on  the  cross-feed  wheel. 

On  the  other  hand,  if  the  same  surface  speed  were  used  in  both  cases, 
the  results  would  be  the  same.  The  revolution  of  a  piece  of  work  in 
a  grinding  machine  can  be  compared  to  the  table  feed  of  the  milling 
machine.  With  a  cutter  running  at  a  suitable  speed  to  cut  steel,  there 
is  a  feed  at  which  the  cutter  will  do  its  work  easily ;  and  there  is  also 
one  so  fast  as  to  break  the  teeth,  providing  the  machine  has  sufficient 
power.  There  would  also  be  more  heat  generated  with  the  fast  feed ; 
and  if  the  cutter  is  nm  after  it  has  lost  its  keen  edge,  it  will  generate 
more  heat  until  it  becomes  so  dull  that  heat  enough  to  draw  the  temper 
will  stop  further  work. 

Furthermore,  a  cutter  whose  temper  is  hard  enongh  for  one  piece  of 
work  may  entirely  fail  on  another.  So  it  is  with  a  wheel.  One  that  is 
suitable  for  cutting  soft  steel  will  become  glazed  when  used  on  hardened 
steel  or  cast  iron ;  and  if  the  wheel  is  used  after  the  particles  are  dull, 
it  will  generate  more  and  more  heat,  and  on  account  of  the  pressure 
required  will  not  produce  round  or  straight  work. 

A  wheel  for  machine  grinding  must  cut  without  pressure,  to  effect 
which  it  must  always  be  sharp;  this  is  maintained  by  the  breaking 
out  of  the  particles.  Therefore  a  wheel  of  the  proper  grade  to  cut 
at  a  given  work  speed  possesses  "  sizing  power."  It  will  thus  be 
seen  that  the  work  speeds  should  always  bear  the  proper  relation 
to  the  cut  of  the  wheel,  regardless  of  the  diameter  of  the  work ;  just 
as  in  milling,  the  amount  of  feed  bears  relation  to  the  cutter  and 
material,  regardless  of  the  length  of  piece  being  milled.  Any  change 
of  axis  of  work  will  cause  error  either  from  poor  centres,  carelessness 
in  cleaning  the  centres,  or  from  change  of  temperature  produced  by  the 
action  of  the  wheel. 

Inaccurate  and  sometimes  spoiled  work  is  the  result  of  poor  fitting 
centres-  Care  should  be  taken  to  have  all  centres  of  the  standard 
angle  60°,  and  large  enough  to  give  good  bearing  surfaces.  The  centres 
of  both  lathes  and  grinding  machines  should  accurately  fit  the  centres 
of  the  work,  and  should  be  kept  clean  and  well  oiled. 

Change  of  axis  of  the  work  makes  the  wheel,  after  cutting  uniformly 
around  the  entire  circumference,  cut  more  upon  one  side  of  the  work 
than  the  other ;  this  is  something  beyond  the  control  of  the  machine. 
If  the  cut  on  one  side  is  uniform  from  end  to  end,  it  would  be  caused 
by  the  wear  of  the  centres  to  the  same  side,  or  by  some  foreign  substance 
on  the  same  side  in  each  centre ;  both  of  these  cases  will,  however, 
seldom,  if  ever,  occur. 

The  cutting  on  one  side  may  occur  at  one  end,  and  still  be  con- 
centric at  the  other ;  this  would  be  caused  either  by  the  wear  of  one 
centre,  or  by  the  introduction  of  some  foreign  substance.  When  the 
diange  of  axis  is  caused  by  a  change  ip  temperature,  the  cut  is  always 
deepest  at  a  point  midway  between  the  centres ;  but  trouble  from  this 


Dcinz.aoy  Google 


t90       MACHINE    TOOLS  AND    WORKSHOP  PRACTICE. 

cause  will  not  arise  until  all  of  the  turning  marks  are  ground  out,  and 
the  wheel  has  cut  entirely  around  the  piece. 

By  change  in  temperature  one  should  not  understand  that  the  change 
is  necessarily  sufficient  to  be  detected  by  hand. 

It  is  probable  that  very  few  pieces  of  steel  are  so  uniform  in  texture 
that  they  will  not  change  their  outline  with  a  very  slight  change  of 
temperature,  even  though  the  temperature  be  the  same  throughout  the 
piece.  It  is  also  well  known  that  the  slightest  increase  in  temperature, 
unevenly  distributed,  of  a  piece  of  steel  will  cause  a  change  of  outline. 

For  example  :  If  the  finger  is  placed  on  one  side  of  a  bar,  it  will  cause 
an  elongation  of  the  metal  directly  under  it,  and  the  heat  of  the  finger 
will  be  absorbed  by  the  bar,  as  shown  in  Fig.  198,  leaving  as  the  warmest 
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Fig.  198. 

part  that  portion  where  the  heat  enters.  The  amount  of  expansion  is 
necessarily  very  small,  but  when  one  considers  that  a  "  clean^nitting " 
wheel  in  many  instances  will  show  sparks  with  a  cut  less  than  one- 
hundredth  part  of  one-thousandth  of  an  inch,  it  is  readily  understood 
how  a  very  slight  change  of  outline  will  be  detected  by  the  grinding 
machine. 

Orinding^. — The  application  of  the  wheel  to  the  work  is  best  under- 
stood by  reference  to  F^.  198.  When  the  red-hot  sparks  of  steel  pour 
from  the  bar  it  is  easily  seen  that  there  is  considerable  heat  at  the  point 
of  contact,  and  since  the  heat  is  necessarily  greater  at  the  point  than 
elsewhere,  the  bar  will  constantly  bend  towards  the  wheel.  In  such 
cases  the  workmen   speak  of  the  wheel   as   "drawing   in,"  when  in 
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reality  it  is  the  work  that  approaches  the  wheel  by  revolving  with  a 
greater  expansion  under  the  wheel  than  at  any  other  point. 

As  a  rule,  the'  bar  will  not  bend  with  perfect  uniformity,  owing  to 
the  tension  within  itself,  A  given  amount  of  heat  being  more  effective 
on  one  side  than  the  other,  the  wheel  cuts  deeper  on  the  side  so 
affected.  The  expansion  is  thus  constantly  increased  until  the  bar  is 
bent  enough  for  it  to  revolve  without  touching  the  whole  circumference. 
After  which,  as  the  heating  is  so  much  greater  on  one  side,  the  bending 
increases. 

The  heat  being  almost  instantly  distributed  upon  the  removal  of  the 
wheel,  the  bar  will  return  to  its  normal  position,  and  bave  the  other 
side  of  greater  radius,  so  that  on  its  return  the  wheel  will  cut  on  the 
opposite  side,  and  cause  the  bar  to  bend  this  side  towards  the  wheel, 
thus  leaving  it  elhptical  in  form.  If,  as  sometimes  happens,  these  two 
bends  have  been  exactly  opposite,  the  next  cut  of  the  wheel  will  be  on 
two  points,  and  if  the  bar  is  of  perfectly  even  tension  on  these  two 
sides  it  will  continue  to  cut  both  sides,  but  usually  the  bar  will  not  bend 
exactly  opposite  at  first.  The  successive  cuts  will  therefore  be  some- 
what as  follows :  First,  completely  around  the  circumference ;  second, 
on  one  side ;  third,  the  opposite  side ;  fourth,  at  right  angles  ;  fifth, 
opposite  again,  and  so  on.  In  grinding  tubing  the  change  due  to 
expansion  is  more  aggravated,  as  the  hollowness  of  the  piece  operated 
upon  does  not  permit  of  such  a  rapid  conduction  of  the  heat  to  the 
opposite  side  of  the  axis. 

It  is  easy  to  be  deceived  as  to  the  amount  of  error  in  roundness 
when  judging  by  the  sparks  from  the  wheel.  For  example :  a  piece 
36  in.  long  and  3^  in,  diameter  was  being  ground,  showing  sparks  from 
one  aide  only.  Without  correcting  the  error,  the  piece  was  measured 
with  a  micrometer ;  its  error  was  so  slight  that  it  could  not  be  detected, 
and  an  indicator  held  against  it  showed  no  motion. 

Another  experiment  was  made  with  a  hardened  plug  i  in,  in 
diameter.  It  was  hrst  ground  round  and  straight,  then  carefully 
measured,  replaced  in  the  machine,  and  the  wheel  advanced  until  sparks 
were  just  visible.  When  ground  this  amoiuit,  it  was  again  measured, 
and  found  to  have  been  reduced  about  one-hundredth  part  of  one- 
thousandth  of  an  inch. 

The  accuracy  of  the  work,  therefore,  must  be  very  great,  when,  with 
a  suitable  wheel  and  plenty  of  water,  a  long  piece  can  be  ground  showing 
sparks  over  its  entire  circumference,  and  with  such  a  light  cut  that  they 
are  barely  visible.     This  result  is  obtained  without  difficulty. 

As  the  area  of  the  work  increases,  the  feed  should  be  coarser,  in 
order  that  the  wheel  may  travel  the  entire  length  or  area  of  the  piece 
while  its  diameter  is  practically  unchanged. 

Water  should  be  used  on  such  classes  of  work  as  are  injuriously 
affected  by  a  change  of  temperature  caused  by  grinding.  It  should  also 
be  used  upon  work  revolving  upon  centres,  as  in  this  class  of  work  a 
slight  chaise  in  temperature  will  cause  the  wheel  to  cut  on  one  side  of 
the  piece  after  it  has  been  ground  apparently  round. 

In  very  accurate  grinding  water  is  especially  useful,  for  the  exactness 
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of  the  work  will  be  affected  by  a  change  in  temperature  which  is  not 
perceptible  to  the  touch.  It  is  well  to  use  the  water  over  and  over 
again,  as  there  is  thus  less  difference  between  the  temperature  of  the 
water  and  the  work  than  if  fresh  water  were  used.  Work  that  will  grind 
smooth  with  water  will  often  develop  minute  vibrations  when  grinding 
dry.  There  is  apparently  a  rapid  fluctuation  of  temperature  which 
causes  the  work  to  approach  and  recede  from  the  wheel  very  rapidly, 
thus  leaving  a  mottled  or  rough  surface.  If  line  work  is  required,  the 
water  should  run  upon  the  work  smoothly,  A  fluctuating  supply  of 
water  will  sometimes  cause  a  fluctuation  of  the  cut  sufficient  to  mar  the 
work,  and  nearly  always  enough  to  show  change  of  sparks. 

Work  to  be  ground  can  be  mounted  in  different  ways,  as  follows  : 
Ofl  the  live  spindle  of  the  headstock ;  on  the  two  centres,  being  driven 
by  the  headstock  pulley ;  or  upon  two  dead  centres,  the  work  in  this 
case  being  revolved  by  the  dead-centre  pulley.  Pieces  ground  internally 
are  generally  driven  by  the  headstock  pulleys.  The  advantage  of  grind- 
ing on  two  dead  centres  is  that  any  possible  error  that  may  be  in  the 
spindle  bearings  does  not  affect  the  work.  In  grinding  straight  work 
both  ends  should  be  calipered.  If  one  end  measures  more  than  the 
other,  the  error  may  be  corrected  by  swinging  the  table  a  little,  using  the 
adjusting  screw  at  the  end  of  the  same.  When  slight  tapers  are  desired, 
for  either  external  or  internal  grinding,  the  adjustment  is  obtained  by 
setting  the  swivel  table  to  the  proper  angle.  When  more  abrupt  tapers 
are  wanted  for  work  ground  on  centres,  or  for  internal  surfaces,  the 
wheel  slide  is  set  to  the  proper  angle.  By  placing  the  wheel  slide  and 
the  swivel  table  at  proper  angles,  two  tapers,  for  either  external  or 
internal  work,  may  be  obtained  without  changing  the  settings  of  the 
machine,  as  in  Fig.  209:  the  one  automatically  by  the  longitudinal 
movement  of  the  table  ;  the  other  by  operating  the  cross-feed  by  hand. 

When  an  abrupt  taper  is  required  on  work  held  on  the  headstock 
spindle,  independent  of  the  footstock,  the  taper  is  more  conveniently 
obtained  by  swivelling  the  headstock  than  by  setting  the  wheel  slide. 
In  this  case  the  work  is  driven  by  the  headstock  pulley.  Vibration  or 
chatter  of  the  work  is  the  cause  of  much  trouble  if  means  of  prevention 
are  not  understood.  In  a  well  designed  and  constructed  machine  the 
vibration  of  its  parts  is  reduced  to  a  minimum,  and  provision  is  made 
for  changes  of  speed  to  avoid  this  difficulty.  The  wheel  spindle  must 
have  long  journals  and  be  a  very  tight  fit  in  the  bearings,  as  shown  at 
C  D  in  Fig.  199,  wliich  is  a  sectional  view.  The  belting  should  be 
spliced  and  glued,  the  use  of  rivets  is  not  recommended. 

The  Universal  Machine,  shown  in  Fig.  191,  has  capacity  to  do  a 
general  class  of  work  on  cones,  of  hard  or  soft  steel,  cast  iron,  either 
soft  or  chilled  brass,  copper  and  rubber,  or  may  be  adapted  to  sharpen 
cutters.  Improvements  are  frequently  added  and  patented.  Therefore 
it  is  impossible  to  treat  on  all  the  uses  to  which  a  universal  grinding 
machine  may  be  put. 

In  addition  to  the  changes  of  speed  above  referred  to,  it  is  frequently 
necessary  to  use  a  rest  or  support  for  the  work.  There  are  two  kinds  of 
these  rests ;  one  is  commonly  known  as  the  back  rest,  and  remains  at 
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Ihe  same  point  of  the  work,  r^^rdless  of  the  position  of  the  wheel ; 
the  other,  the  "  follow  "  rest,  remains  opposite  the  cutting  point  of  the 
wheel,  and  is  used  to  absorb  vibration  caused  by  the  emery  wheel, 
especially  during  the  grinding  of  long  slender  pieces.  The  rest  should 
be  so  placed  that  only  the  high  points  of  the  work  will  touch  as  it  is 
revolved.  When  used,  it  is  of  the  greatest  assistance  in  producing 
accurate  work. 

The  cut  of  the  wheel  and  the  pressure  on  the  rest  may  be  increased 
as  the  work  approaches  a  perfectly  cylindrical  form.  In  other  words, 
when  work  is  commenced  upon  a  piece,  the  rest  should  be  considered 
more  as  an  absorbent  of  the  vibration  than  as  a  support.  After  the  work 
has  become  quite  round,  the  rest  can  be  used  to  regulate  the  size  at 


t'lc  199. — Section  showing  spindle,  bearings,  and  emery  wheels  in  position. 

different  points.  This  method  of  using  the  rest  is  particularly  advan- 
tageous in  grinding  work  that  is  apt  to  be  lai^e  midway  between  the  ends. 
Slender  work,  as  a  rule,  until  it  becomes  approximately  cylindrical, 
requires  a  very  coarse  feed  when  the  follow  rest  is  used.  For  long 
slender  work  the  follow  rest  is  the  best ;  remaining  as  it  does  at  a  fixed 
distance  from  the  wheel,  it  serves  to  size  the  work,  and  enables  work  to 
be  ground  straight  that  would  otherwise  be  forced  from  the  wheel  and 
made  to  "  chatter."  The  sag  of  a  bar  sometimes  causes  it  to  be  ground 
large  in  the  centre.  This  is  something  over  which  the  machine  can 
have  no  control,  and  the  operator  must  help  it  by  manipulating  the 
follow  rest,  giving  it  sufficient  presstirc  to  hold  the  work  against  the 
wheel  at  that  point.  A  small  difference  in  size  between  the  centre  and 
the  ends  of  work  is  often  caused  by  the  work  being  forced  away  from 
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the  wheel  by  its  own  cut  when  near  the  centre,  thus  necessitating  the 
use  of  a  rest,  even  though  no  vibration  is  possible.  The  back  rest  is 
used  both  with  and  without  a  spring.     When  used  with  a  spring,  as 


Fig,  aoo.— Follow  resi. 

shown  in  Fig.  zoi,  it  is  commonly  known  as  a;spring  rest,  and  is  used  in 
grinding  taper  work.     The  rest  remains  in  a  fixed  position  relative  to 


Fic.  102.— Grinding  Uper  pieces  wilh  spring-rest  in  powtion. 

the  work,  and  by  the  action  of  the  spring  the  shoe  will  always  press 
against  the  surface  of  the  work. 

If  the  rest  were  rigid,  similar  to  the  "  follow  rest"  (Fig.  200),  and 
moved  against  the  work  by  the   screw  a,  it  would  foil  to  reach  the 
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work  as  soon  as  the  wheel  had  cut  away  the  surface;  besides  this  it  would 
"  chatter  "  until  it  could  be  forced  against  the  new  diameter,  this  being 
a  difficult  operation,  without  changing  the  size  of  the  cut.  There  are 
also  certain  imperfections  which  might  be  left  by  the  lathe  that  would 
prevent  round  grinding,  if  the  rest  rfefB  forced  against  the  work  as  the 
follow  rest  is. 

Fig.  zoi  shows  a  section  through  a  spring  rest;  the  shoe  A  is  of 
brass  or  other  soft  metal,  the  end  £  being  made  to  approximately  fit  the 
work  to  be  ground.  The  spring  B  keeps  the  shoe  in  close  contact  with 
the  work.  The  work  when  revolving  tends  to  climb  on  the  shoe,  thus 
keeping  the  pressure  upon  the  sur&ce  C,  which  gives  support  to  the 
work  on  the  under  side. 

The  shoes  of  both  spring  and  follow  rests  should  be  of  brass,  soft 
metal,  oi  wood,  thus  allowing  the  revolving  work  to  wear  the  surface 
away  sufficiently  for  it  to  fit  the  constantly  varying  size  of  the  work.  As 
a.  rule,  brass  or  soft  metal  is  best, 
but  wood  is  used  when  metal  would 
scratch  the  surface  of  the  work. 
The  shoe  should  have  sufficient 
surface  to  last  well,  but  not  enoi^h 
to  retard  the  wear  mentioned.  The 
shoe  of  a  spring  test  should  move 
freely  in  die  slide  and  be  of 
sufficient  mass  to  absorb  slight 
vibrations. 

As  shown  in  Fig.  aoi,  the 
spring  holds  the  shoe  in  contact 
with  the  work,  and  the  pressure  is 
r^ulated  by  the  thumb  -  screw. 
In  fitting  a  shoe  of  this  descrip- 
tion, it  should  first  bear  well  on 
the  under  side  of  the  work ;  the 
wear  will  quickly  fit  it  to  the  work, 

and  the  shoe  will  always  have  a  firm  bearing  underneath.  They  should 
never  be  made  of  hard  material  or  of  vee  shape. 

It  is  not  always  necessary  for  the  shoe  of  a  spring  rest  to  bear  entirely 
around  one  half  of  the  circumference  of  the  work.  A  shoe  of  sufficient 
mass  will  prevent  vibration ;  and,  as  it  is  soft  material,  will  soon  wear  to 
fit  the  varying  circumference.  Fig.  203  shows  a  form  of  shoe  which  is 
particularly  well  adapted  for  work  retjoiring  unusual  steadiness ;  a  shoe 
similar  to  this  is  shown  in  position  on  a  machine  which  is  fitted  for 
grinding  large  numbers  of  pieces  similar  to  tliat  shown  in  Fig.  104.  In 
this  case  the  follow  rest  could  not  be  used,  as  the  pieces  were  to  be  ground 
to  a  slight  taper.  If  only  a  small  number  were  to  be  ground,  no  rest 
would  be  necessary ;  but  when  both  economy  and  accuracy  are  required, 
and  deep  and  rapid  cuts  must  be  taken,  a  proper  rest  must  be  used  in 
order  that  the  work  may  be  kept  steady  under  the  cut,  as  under  thtse 
conditions  the  wheel  will  more  readily  maintain  duplicate  sizes.  Fig. 
205  shows  a  form  of  shoe  for  grinding  tubing. 


Fiu.  Z03.— Shoe. 


Fig.  204. — Example  lo  be  ground. 
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"  An  example  of  plain  grinding  "  is  shown  in  Fig.  306  as  done  on  a 

universal  grinding  machine.     In  employing  this  method  the  automatic 

longitudinal  feed  is  used;  thte  wheel  is  brought  against  the  work  by  ; 

means  of  a  cross  feed,  the  work  being 

ryuvYi-gjuT-m-i-njLri  j^       held  by  the  centres  and  driven  by  the 

jLg- -_!__-■"_.„« — !.:^    pjl       \a_jge  deadcentre  pulley.     The  wheel, 

I  ^^r^         I    I I      however,  is  on  the  end  of  the  spindle 

dp  instead  of  the  centre,  the  object  being 

~^~~  to  grind  up  to  a  shoulder,  collar,  or 

•"    ™  piston,  as  shown ;    the  length  of  the 

stroke   is   regulated  by  adjusting   the 

reversing  mechanism. 

Grinding  External  Tapers. — The  arrangement  of  the  machine  for 

grinding  external  tapers  is  shown  in  Fig.  207.     It  is  the  same  in  all 

respects  as  for  plain  grinding,  except  that  the  swivel  table  is  set  at  the 


Fig.  305. 


FlC.  206.^ — Plain  grinding. 


proper  angle.  The  reading  on  the  scale  marked  degrees,  it  should  be 
remembered,  is  one  half  the  whole  taper.  Where  the  work  is  to  be 
ground  to  a  fit,  it  is  usually  placed  in  the  machine  in  the  manner  shown, 
the  smallest  end  of  the  taper  being  towards  the  headstock.    The  wheel 
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and  the  table  are  operated,  the  work  driven,  and  the  length  of  the  stroke 
regulated  the  same  as  in  plain  grinding. 

When  an  abrupt  taper,  similar  to  that  shown  in  Fig.  207  a,  is  to  be 
ground,  the  swivel  table  remains  parallel  to  the  ways  of  the  bed  as  in 
plain  grinding,  but  the  wheel  bed  is  set  to  the  required  angle,  thus  bring- 
ing the  line  of  motion  of  the  wheel  slide,  when  operated  by  the  cross 
feed,  parallel  with  the  taper  to  be  obtained.  The  wheel  platen  is  set  at 
right  angles  with  the  line  of  movement  of  the  wheel  slide  indicated  by 
the  arrow,  and  the  face  of  the  wheel  is  thus  brought  parallel  with  the  line 
of  the  desired  taper.  The  work  is  revolved  by  the  dead-centre  pulley, 
as  shown  in  cut,  and  the 
wheel  is  moved  over  the 
surface  of  the  work  by 
the  cross  feed. 

The    method     of 

grinding  two  tapers  with 

one  setting  of  the  ma- 
chine, when  one  of  the 

tapers  is  not  more  than 

10°,  is  shown  in  Fig.  209. 
For     grinding     the 

slight  taper  the   swivel 

table  is  set  as  in  Fig. 

ao7A,  and  for  grinding 

the  more  abrupt  taper 

the  wheel  head  is  set  as 

in  Fig.  207,      But  the 

wheel  platen  is  here  set 

to  bring  the  face  of  the 

wheel  parallel  with  the 

longest   surface    to    be 

ground.        Were      the 

abrupt  taper  longer  than 

the  slight  taper,  it  would 

be  well  to  set  the  wheel 

platen  as  in  Fig.  aojA, 

so  that  the  face  of  the 

wheel  would  be  parallel 

with  the  line  of  taper. 


Fig.  207. — External  grinding — a  slight  taper. 


In  obtaining  the  angle  at  which  the  wheel  bed 
._  to  be  set  when  the  swivel  table  has  been  set  over,  it  should  be  re- 
membered that  the  angle  must  equal  the  sum  of  the  two  tapers.  The 
abrupt  taper  is  ground  by  feeding  the  wheel  across  the  work  by  hand. 
The  slight  taper  is  ground  while  the  table  is  fed  automatically. 

When,  as  suggested  by  Fig.  209,  a  spindle  and  bearing  are  both  to 
be  ground  (somewhat  similar  apparatus  is  also  shown  in  Fig.  208  and  210 
by  Smith  &  Coventry,  Manchester),  the  bearing  is  ground  first  and  the 
spindle  is  fitted  to  it  For  convenience  in  fitting  the  work,  the  bearing 
may  be  placed  as  shown  by  the  dotted  lines,  and  supported  so  that  it 
will  not  touch  the  spindle  as  the  latter  revolves.    The  spindle  thus  need 
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not  be  removed  from  the  centres  when  it  is  necessary  to  try  it  in  i 


Grinding  Internal  Tapers. — ^In  grinding  the  bearing  the  machine  is 
set  as  shown  in  Fig,  2 1 1.  Provision  is  made  for  grinding  the  slight  taper 
by  swivelling  the  wheel  bed.  As  in  external  grinding  the  bed  is  set  so 
that  the  line  of  motion  of  the  wheel  slide  will  be  parallel  with  the  tine  of 
the  taper  to  be  ground.  The  angle  with  the  ways  of  the  machine  in  this 
case,  the  swivel  table  having  been  set  over,  is  equal  to  the  difference  in 


Fig.  207A. — Grinding  an  abrnpt  taper. 

the  angles  of  the  tapers.  As  in  external  grinding,  the  abrupt  taper  is 
ground  by  feeding  the  wheel  across  the  work  by  hand,  and  the  slight 
taper  is  ground  while  the  table  is  fed  automatically. 

Fig.  213  shows  a  method  of  squaring  the  ends  of  bushings.  Fig.  2 13 
illustrates  plain  internal  grinding. 

The  wheel  is  turned  away  on  the  side,  leaving  a  narrow  cutting 
edge,  and  should  be  very  soft.  If  the  axis  of  the  mandril  and  the  axis 
of  the  wheel  spindle  are  exactly  parallel,  the  surface  will  be  perfectly 
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flat  and  at  right  angles  with  the  axis.     A  convex  o 
be  obtained  by  varying  the  relation  of  the  axes. 


concave  surface  can 


FfG.  2o8, — Grinding  eslertial  lapers. 

Truing  Cetitres. — The  accuracy  of  all  work  ground  on  centres  is 
3  dependent  upon  the  centres  being  true,  that  the  operation  shown  in 


idiog  external  tapers. 


Fig.  214  is  frequently  seen.    To  grind  or  true  a  centre  it  is  ■>nly 
necessary  to  set  the  headstock  to  the  proper  angle. 
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A  great  deal  of  odd  work  in  manufacturing  machinery  can  be  done 
on  these  machines;  for  example,  the  spiral  head  box  may  be  swung  by 


Fig,  3IO. — Grinding  internal  tapers. 

hand   on   the   centres   and  the   curved   surface   satisfactorily   ground. 
Fig.  215  is  another  illustration  of  the  class  of  work  that  can  be  ground 


Grinding  internal  tapers. 


by  swivelling  the  headstock,  in  which  may  be  included  grinding  the 
sides  of  collars,  washers,  milling  cutters,  etc.    The  plate  on  disc  shown 
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is  held  in  the  chuck,  and  the  headstock  is  turned  at  right  angles  to  the 
shding  table.  The  wheel  is  brought  against  the  work  by  the  cross  feed, 
and  the  automatic-table  feed  can  be  used  for  passing  the  work  in  front 


Fig.  213.— Grinding. 


Fic.  III. — Sqaariog  the  ends  of  the  bushings. 

of  the  wheel.  It  is  evident  that  the 
surfoces  ground  in  this  manner  may 
be  plain,  concave,  or  convex,  accord- 
ing to  the  setting  of  the  headstock. 

Two  surfaces  may  be  ground 
on  pieces  held  in  the  headstock  with 
only  one  setting  of  the  machine. 
For  example :  If  the  portion  of  the 
work  ground,  as  in  Fig.  209,  was 
detached  from  the  shaft  or  mandril, 
and  it  was  desired  to  grind  the  flat  and  bevel  surfaces,  the  headstock 
would  be  turned  at  right  angles  to  the  table,  as  in  Fig.  213,  and  the  wheel 
bed  would  be  set  at 
such  an  angle  that  the 
line  of  motion  would  be 
parallel  with  the  taper. 

Use  of  centre  rest 
(Fig.  317)  is  shown  in 
connection  with  work 
held  in  the  chuck  on 
the  headstock  spindle, 
the  work  being  driven 
as  shown  in  Fig.  211, 
and  the  swivel  table 
set  to  produce  the 
required  taper.  The 
cut  also  illustrates  the 
use  of  an  indicator  to 
determine  if  the  work 
runs  true. 

The  chuck  shown 


Fig.  214.— Truing 


section.  Fig.  : 
discs,  such  as  thin  milling  cutlers,  sa' 
work  by  means  of  a  bushing  expanded 


16,  is  made  use  of  in  grinding 
's,  etc.  This  chuck  holds  the 
in  the  hole  in  the  centre  of  the 
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piece  to  be  ground.  The  work  is  held  by  the  expansion  bushing  C, 
which  is  expanded  by  the  screw  B,  and  drawn  tightly  against  the  face 
plate  by  turning  the 
knob  A.  Different 
sizes  of  bushings  are 
inserted  to  fit  the 
various  sizes  of  holes 
in  the  work  as  re- 
quired. 

Qrindittg  Cntters 
and  Reamers.  —  The 
machines  are  used 
for  grinding  the  holes 
in  milling,  form,  and 
gear  cutters,  as  well 
as  for  grinding  their 
sides.  They  are  also 
suitable  for  grinding 
the  teeth  or  cutting 
edges  of  a  variety  of 
cutters  and  reamers, 
and  when  used  for 
this  class  of  work,  a 
tooth  rest  is  bolted  to 
the  wheel  platen  at 
one  of  the  T  slots, 
when  the  rest  is 
stationary     with     the 


wheel;  or  it  may  be  bolted  to  the  table,  thus  travelling  with  the  work. 
The    ordinary  place  for   the  tooth  rest  when  in  use  is  directly  ii 
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front  of  the  wheel,  as  in  Fig.  zi8,  which  shows  the' grinding  of  the  face 
of  a  side  milling  cutter,  the  cutter  being  held  on  a  mandril.  To  obtain 
the  necessary  amount  of  clearance  or  backing-ofF  to  the  tooth,  the  end 
of  the  rest  which  supports  the  tooth  must  be  set  a  little  lower  than  the 
centre  of  the  wheel,  so  that  the  ground  surface  will  have  the  proper 
clearance  angle.  For  this  kind  of  work  the  wheel  must  be  small 
enough  to  clear  the  tooth  next  above  the  one  being  ground.  Fig,  219 
is  a  top  view  showing  a  reamer  on  centres. 


Fie.  218.— Use  of  tooth 


The  machine  is  operated  by  grasping  with  one  band  the  shank  of 
the  reamer,  or  the  mandril  as  the  case  may  be,  and  holding  the  tooth 
firmly  upon  the  tooth  rest,  while  the  other  hand  is  engaged  in  feeding 
the  reamer  or  cutter  across  the  face  of  the  wheel.  When  a  tooth  has 
been  run  by  the  wheel  and  off  the  tooth  rest,  the  reamer  or  cutter  may 
be  turned  to  bring  the  next  tooth  upon  the  rest,  and  the  table  moved 
in  the  opposite  direction  while  it  is  being  ground.  Thus  a  tooth  can 
be  ground  at  every  stroke  of  the  table,  when  the  grinding  is  done 


Fig.  219.— Sharpening  reamer. 

simply  for  the  purpose  of  sharpening,  but  when  it  is  necessary  to  grind 
a  cutter  to  a  certain  diameter  it  must,  of  course,  be  ground  repeatedly 
until  the  required  size  is  obtained.' 

Speeding  of  Emery-wheel  Maotiines. — Speeding  of  wheels  is  a 
matter  too  little  thought  of.  It  should  be  a  rule  to  run  a  wheel  at  as 
high  a  speed  as  is  practicable  without  injury  to  it,  and  since  the  grade 
varies  according  to  the  work,  so  does  the  speed  need  to  vary  propor- 
tionately. 

'  Brown  and  Sharpe  on  "  Grinding." 


Dcinz.aoy  Google 


204       MACHINE    TOOLS  AND    WORKSHOP  PRACTICE. 
Approximate  Speeds  of  Emerv  Wheels  for  General  Purposes. 


I^S^" 

61 

3150 

5000 

7 

2850 

71 

I6W 

SI50 

6tkx> 

zzoo 

5850 

5000 

II         1 

1850 

4500 

4100 

'3 

"550 

14 

3400 

IS 

1360 

Luke  and  Spencer's  Tool  Grinder. — A  wheel  36  in.  diameter  is  shown 
ill  Fig.  aao  mounted  and  running  in  a  trough  similar  to  a  grindstone.  On 
one  side  a  slide  rest,  A,  is  fitted, 
and  is  conslructed  to  hold  tools 
at  any  desired  angle  while  being 
ground. 

The  machine  serves  well  to 
illustrate  the  advantages  of  emery 
wheels  for  sharpening,  turning, 
shaping,  planing,  and  other  cut- 
ting tools.  In  the  swivel  holder 
a  pattern  tool  is  first  adjusted  to 
the  angle  required;  afterwards  a 
quantity  of  similar  tools  may  be 
ground  at  the  same  setting.  Thus 
by  first  obtaining  the  best  cutting 
angle,  all  the  tools  may  be  kept 
correctly  ground.  This  is  not 
found  to  he  the  case  where  each 
Fig.  210.— Duplex  grinder.  workman  grinds   his  own   tools ; 

some  grind  the  tools  with  insuffi- 
cient clearance  on  both  side  and  top  rake,  while,  on  the  other  hand, 
others  give  too  much  angle.     Where  tool  rooms  exist  this  is  obviated. 

On  the  opposite  side  of  the  wheel.  Fig.  218,  another  appliance,  B,  is 
seen.  This  is  an  arrangement  for  holding  twist  drills  j  this,  however, 
will  be  dealt  with  when  considering  drills.  It  will  be  seen  that  beneath 
the  trough  of  the  machine  an  automatic  pump  is  provided ;  this  supplies 
a  stream  of  water  to  the  periphery  of  the  wheel. 

Another  very  useful  type  of  grinding  machine  is  one  somewhat  like 
a  planing  machine  in  appearance  and  movements.  The  work  to  be 
ground,  such  as  engine  cross  heads,  guide  bars,  and  other  flat  parts, 
which  have  been  hardened,  is  clamped  to  the  table  of  the  machine, 
which  then  travels  under  a  horizontal  spindle  carried  in  bearings  on  the 


Dcinz.aoy  Google 


GRINDING    WHEELS  AND  MACHINERY.  205 

cross  slide.     A  small  amount  of  error  is  thus  quickly  ground  away, 
leaving  the  surfoce  beautifully  smooth,  straight,  and  true. 

A  further  use  for  machines  of  this  class  is  where  very  hard  gun-metal 


Fig.  2ZOA. — Tool  rest  enlarged- 
castings  are  made  with  only  a  little  In  excess  of  the  required  thickness. 
Such  castings  are  ground  in  these  surfacing  machines,  instead  of  under- 
going the  ordinary  "  tooling "  in  a  milling  or 
planing  machiue.  The  accuracy  of  the  work  is 
increased  by  giving  a  horizontal  travel  to  the 
cross  slide  carrying  the  grinding  wheel.  This 
motion  is  actuated  by  a  connecting  rod,  the 
length  of  whose  stroke  can  be  varied.  Case- 
hardened  work  is  ground  best  with  the  aid  of 
water.     Brass  and  gun  metal  are  ground  dry. 

Lang's  Patent  Sharpening  Uachiue.^When 
sharpening  a  twist  drill  it  should  first  be  seen 
that  the  metal  behind  each  lip  is  well  backed  off, 
as  shown  at  A,  Fig.  221.  In  practice,  this  is  better 
and  more  quickly  done  on  a  grindstone.  One 
backing  off  is  sufficient  to  allow  for  the  drill  being 
sharpened  four  or  five  times. 

When  a  drill  has  been  backed  off,  it  is 
placed  in  the  sharpening  machine,  as  shown  in 
F^.  3Z2,  the  shank  end  centre  resting  on  centre 
point.  The  twisted  portion  of  the  drill  is  sup- 
ported by  a  thin  vee  plate,  placed  near  the  drill 
nose.  The  two  edges  of  the  flute  are  placed  on 
the  left-hand  side  of  vee,  and  the  round  portion  Fig.  221. 

rests    on    the   right-hand   side,   as   shown.     The 
cutting  lip  of  drill  is  indicated  by  dotted  line   D.     This  is   made 
parallel,  or  nearly  so,  to  line  G  on  vee  plate.     By  moving  the  plate 
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holder  upwards  or  downwards  with  the  hand  wheel,  the  slide  may 
then  be  moved  up  until  the  lip  of  drill  is  touching  the  under  side 
of  grinding  wheel.  The  machine 
is  then  started  while  the  drill  is 
firmlf  gripped  with  the  right  hand, 
as  shown  in  Fig.  223.  With  the 
assistance  of  left  hand,  the  lip 
of  drill  is  then  passed  several 
times  backwards  and  forwards 
under  the  grinding  wheel,  which 
should  take  a  very  tight  cut 
Before  giving  another  feed,  the 
drill  is  moved  half  a  turn,  and 
the  opposite  lip  treated  in  the 
same  manner  as  the  first.  Then, 
by  slight  movement  of  hand  wheel, 
a  light  feed  can  be  given,  and  so 
on,  taking  each  lip  alternately 
until  the  drill  is  sharpened.  The 
machine  with  its  accessories  is 
shown  in  Fig.  234.  The  accom- 
panying illustrations,  Figs.  225  to 
237,  show  some  of  the  uses  to 
which  the  machine  may  be  put, 
and  the  applications  are  obvious. 
F[G.  222.— Method  of  fixing  drill. 


Commutator  Grinder. — Fig,  238  is  a  portable  apparatus  for  grinding 
the  commutators  of  dynamos  in  place.    The  emery  wheel  is  carried  on 
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a  compound  slide  rest  with   swivelling   arrangement  lor  bringing  the 
grinding  wheel  into  position. 


Fca.  aS4.  — Lang's  grinding  m«chine. 


Fio.  825. — Sharpening  re 


.  226. — Feu  ling  lap. 


Beyer,  Peacock  A  Co.'b  Patent  TTniTersal  Lapping  and  Orinding 

Machine  (Fig.  339),— To  render  the  following  particulars  clear,  it  may 
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KiG.  338. — Lulce  and  Spencer's  commaialor  grmdi 
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be  stated  that  the  principle  on   which  this  machine  depends  in   the 
lapping  out  of  holes  is  the  use  of  a  series  of  eccentric  spindles.     The 


Fig.  Z39, — Univetsal  lapping  ami  grinding  machine. 

inner  one  carrying  the  grinding  wheel  is  somewhat  less  in  diameter  than 
the  hole  to  be  ground,  and  revolves  at  a  high  velocity.      This  grinding 
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wheel  is  brought  in  contact  with  the  suTbce  of  the  hole  to  be  ground 
by  adjusting  the  orbit  (in  which  it  revolves,  and  which  orbit  revolves) 
to  the  necessary  extent,  which  is  accomplished  by  increasing  the 
eccentricity  of  the  spindles,  by  means  of  the  hand  wheel  shown  on  the 
drawing  as  Fig.  8,  These  movements  are  combined  with  an  adjustable 
vertical  reciprocating  motion  of  the  whole  system  of  spindles,  actuated 
by  the  crank,  rod,  and  levers  {Figs.  lo,  az,  and  24)  for  the  purpose  of 
traversing  holes  of  various  depths.  When  lapping  out  holes,  a  grinding 
wheel  should  be  used  of  such  a  diameter  as  will  enable  it  to  pass  freely 
through  the  holes  about  to  be  ground, 

The  eccentric  orbit,  in  which  revolves  the  emery  wheel,  is  adjusted 
centrally  with  the  hole  by  means  of  the  transverse  adjustment  on  the 
beadstock  (Fig.  3),  and  longitudinal  adjustment  on  the  main  table 
(Fig,  4),  this  table  having  a  fine  adjustment  with  worm  and  wheel 
(Fig.  s),  which  is  actuated  by  a  clutch  (Fig.  6).  The  correct  position  is 
found  by  inserting  the  grinding  wheel  in  the  hole  and  revolving  the 
main  spindle  (Fia  7),  while  at  the  same  time  tiirowing  the  intemal 
spindle  (Fig.  a)  l^ciently  out  of  centre  to  bring  the  emery  wheel 
in  contact  with  the  sides  of  the  hole  all  round. 

The  feed  is  obtained  by  carefully  increasing  the  eccentricity  of  the 
grinder  spindle  by  turning  the  hand  wheel  (Fig,  8)  at  the  top  of  the 
main  spindle,  which  should  be  then  fixed  in  position  by  means  of 
the  lock  nut  (Fig.  9).  When  gauging  work  is  fixed  on  the  machine  table, 
the  emery  wheel  can  be  raised  out  of  the  hole  by  liberating  the  con- 
necting rod  (Fig.  ro  on  drawing), 

Qrinding  EzpanBion  Links  and  Blocks. — To  grind  expansion  links 
and  blocks,  the  grinder  spindle  is  set  concentric  with  the  main  spindle, 
and  is  locked  in  that  position  by  means  of  a  set-screw  Fig.  13,  the 
mandrel  used  for  lapping  holes  being  replaced  by  one  having  an 
adjustable  lower  bearing  (Fig.  14).  The  main  table  remaining  stationary, 
the  supplementary  table  is  guided  between  vee  strips  which  fit  into  the 
grooves  of  the  main  table. 

In  grinding  radial  links  and  blocks,  the  above-mentioned  strips  are 
removed,  and  the  table  is  bolted  to  the  radius  arm  (Fig.  18),  which 
must  be  set  to  the  exact  radius  required. 

In  either  case  the  stroke  of  the  table  must  be  accurately  adjusted 
to  suit  the  length  of  the  link  or  block  by  means  of  the  horizontaJ  disc 
and  connecting  rod  (Fig,  19), 

In  grinding  slide-bars,  &c.,  the  lai^e  emery  wheel  is  used  (Fig,  zo), 
the  work  being  fixed  on  suitable  chucks  mounted  to  the  main  table,  the 
longitudinal  traverse  being  adjusted  by  means  of  the  spring  stops 
(Fig.  31),  to  suit  the  work  being  ground.  The  axle  boxes  are  fixed  on 
a  chuck  which  swivels  on  a  centre,  bolted  to  the  table,  and  is  set  square 
to  the  same  by  taper  blocks  sliding  in  the  table  grooves,  and  fitting  into 
recesses  in  the  end  of  the  chuck.  When  grinding,  a  constant  stream  of 
clean  water  should  be  forced  on  to  the  emery  wheel  by  means  of  the 
pump  attached  to  the  machine. 

Grinding  Shafts  of  Steel.— Grinding  is  superseding  lathe  work  in 
some   cases   by   removing  a   small   amount   from   steel   shafts,   axles. 
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spindles,  etc.  Although  the  roughing  has  previously  been  done  in 
an  ordinary  slide  lathe  with  a  cutting  tool,  it  is  fownd  an  advantage  to 
use  a  grinding  machine  to  get  a  more  accurate  finish  on  the  work. 
There  are  occasionally  small  chilled  portions  in  castings  of  iron, 
especially  when  the  work  has  cores  (which  have  been  held  in  their 
place  in  the  mould  with  nails).  These  small,  hard  points  resist  ordinary 
turning  or  boring  tools,  and  are  a  source  of  trouble  and  delay  if  they 
cannot  be  cut  out  with  hammer  and  chisel.  If,  however,  an  emery  wheel 
is  used,  the  obstructions  can  be  removed  in  a  few  minutes. 

Circular-saw  Sharpening  Maohinea. — There  are  two  kinds  of  saw 
teeth  (Figs.  341,  242).  The  former  has  teeth  cut  at  equal  distance  apart 
around  its  periphery  with  a  saw  file.  An  improved  form  is  shown  in  the 
latter  case,  being  spaced  and  cut  with  a  coarser  pitch.  This  leaves  the 
teeth  much  stronger,  and  at  the  same  time  gives  ample  space  for  the 
cuttings  to  fall  away.     The  makers,  Messrs.  Spear  &  Jackson,  state  that 


Fib,  241.  Fig.  242. 

the  improved  form  of  teeth  gives  very  satisfactory  results,  as  no  clogging 
occurs.  The  teeth  are  too  hard  to  be  sharpened  by  filing,  but  are  easily 
and  quickly  ground  by  an  emery  wheel. 

An  automatic  sharpening  machine  is  shown  in  Fig.  243  with  circular 
saw  under  treatment.  This  is  provided  with  an  emery  wheel  which  has 
a  uniform  reciprocating  motion,  the  saw  being  thus  moved  one  tooth  at 
a  time,  which  movement  is  identical  with  that  of  the  wheel.  Therefore 
the  grinding  is  regular,  as  each  tooth  is  equally  treated.  In  this  respect 
automatic  sharpening  is  valuable,  because  each  tooth  cuts  with  the  same 
pressure. 

Swing-frame  Grinding  Machine  (Fig.  244).— This  machine  is  sus- 
pended from  overhead,  and  is  fitted  with  universal  joints  and  telescopic 
rods,  so  that  the  wheel  may  be  twisted  to  any  angle,  or  swung  into  range 
to  work  on  the  surfaces  of  machine  beds  and  other  heavy  castings 
in  the  fettling  shop,  instead  of  chipping  and  filing  them.  In  some  cases 
a  circular  wire-scratch  brush  is  used  in  place  of  the  grinding  wheel, 
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which  quickly  cleans  the  sand  away  and  shows  any  projections  to  be 
smoothened  down. 

It  is  the  practice  to  prevent  as  far  as  possible  any  loose  portions  of 
emery  doing  damage  by  covering  the  discs  with  suitable  coveting. 
This  is  seen  to  the  full  extent  on  an  emery  tool  grinder,  as  in  Fig.  190A, 
where  only  a  small  niche  is  left  for  the  rest  on  which  to  place  the  tool 
while  it  is  being  ground.  It  should  be  pointed  out  that  the  percentage 
of  flying  wheels  is  very  small,  but  when  they  do  burst,  owing  to  their 


Fig,  243. — Circular-saw  sharpening  machine. 

centrifugal  force,  they  may  do  considerable  damage  if  allowed  to  get 
away. 

Keeping  wheels  in  true  condilion  is  another  and  an  important  help 
against  breakage.  A  systematic  overhaul  of  each  disc  is  adopted  in 
many  shops.  There  is  much  to  be  said  in  favour  of  this  practice,  which 
will  perhaps  be  better  understood  if  the  faults  of  an  untrue  wheel  are 
considered.  A  dull  wheel  has  little  bite.  An  eccentric  wheel  does  not 
cut  evenly ;  it  is  more  likely  to  burst,  and  destroys  the  evenness  of  the 
spindle  bearings,  causing  it  to  vibrate,  and  therefore  unduly  wear 
away. 
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Polishing  and  Bafflng. — Small  work,  such  as  cycle  and  sewing- 
machine  parts,  are  sometimes  ground  and  polished  on  an  emery  band 
machine,  such  as  is  shown  in  Fig.  245.     The  belt  or  band  is  emery 


Fig.  244.— Swing-frame  grinding  machine. 

covered,  and  is  kepi  uniformly  apart  by  passing  over  guide  pulleys. 
Several  operatives  may  be  working  at  the  same  time  at  this  machine. 

After  the  articles  are  polished  they  are  finally  finished  on  "  mops  " 
and  brushes.  A  mop  or  "  bob  "  is  made  by  securing  a  number  of  sheets 
of  calico  between  two  small  washers  of  leather.     The  calico  sheets  are 
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6  in.  to  8  in.  diameter,  and  form  a  wheel  about  li  in.  wide.  The  centri- 
fugal speed  of  the  mop  enables  the  workmen  to  hold  the  articles  to  be 
polished  against  the  rim  with  a  considerable  pressure.     Rudge,  lime, 


Fig.  245. — Emfry  band  machine. 

and  crocus  powder  are  used  on  the  mops,  according  to  the  material 
worked  upon.  These  mops  and  brushes  are  fixed  at  intervals  on  a  shaft 
running  the  whole  length  of  a  bench,  and  small  machine  parts  in  brass 
and  plated  goods  are  quickly  polished  to  a  high  degree. 
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Polishing  is  much  better  done  with  revolving  discs  than  by  hand. 
The  wheels  used  are  sometimes  made  of  porpoise  hide  when  for  small 
work,  or  built  up  with  wood  and  covered  with  porpoise  or  leather  strips 
for  larger  work. 

There  are  other  wheels  made  of  felt ;  these,  however,  are  usually  thin 
discs,  and  aie  first  given  a  coating  of  glue  and  then  fine  emery  flour 
sprinkled  over  it. 

The  machine  illustrated  (Fig.  246)  has  two  wooden  wheels  leather 
covered,  which  are  each  3  ft.  diameter.     As  the  process  of  grinding 


Fig,  z+6. — Polishing  wheels. 

destroys  the  cutting  capacity  of  the  wheels,  a  further  supply  of  glue  and 
emery  makes  them  new  again. 

Polishing  or  Glazing. — This  machine  spindle  has  a  right-hand  taper- 
cut  screw  at  one  extremity,  and  a  left-hand  one  at  the  other ;  on  to  these 
the  discs  are  screwed  in  the  direction  of  the  rotation,  thus,  the  more 
pressure  on  the  rim  of  the  wheel,  the  tighter  the  grip  it  has  on  the 
spindle. 

The  wheels  called  "  glazers  "  are  about  3  ft.  diameter,  and  are  usually 
placed  in  the  grinding  shop.  They  serve  a  good  purpose  in  locomotive 
engine  works,  where  the  flat  parts  of  the  hardened  portions  of  the 
motions  are  first  ground  and  finally  glazed  to  polish  them. 
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COLD  IRON  AND  STEEL  SAWING  AND  PLANING 
MACHINES. 

Many  small  studs  and  axles  which  were  either  forged  hot  ot  cut  from 
cold  bars  at  the  anvil,  and  subsequently  tooled  between  the  centres  of  a 
lathe,  are  now  made  directly  from  the  bar  in  an  automatic  machine, 
known  as  a  turret  lathe,  made  expressly  for  such  work.  The  bars,  how- 
ever, are  of  limited  sectional  area,  because,  if  heavy  bars  or  shafts  of 
considerable  length  were  carried  in  a  turret  latbe,  their  fixing  and 
centrally  supporting  would  not  be  economical,  as  the  space  required 
beyond  the  headstock  would  be  equal  to  three  or  four  times  the  whole 
length  of  the  lathe.  Besides  this,  an  undue  amount  of  weight  would  be 
put  on  the  machine  bearings,  causing  a  waste  of  power  in  rotating  the 
shaft,  as  well  as  increased  wear  in  important  parts.  It  is  therefore  the 
practice  to  first  cut  the  shafts  and  bars  into  the  required  lengths  by 
sawing. 

The  Automatic  Bawing  Hachine— illustrated  in  Fig.  247,  by  Messrs. 
Lee  &  Hunt,  Nottingham— is  designed  to  carry  a  circular  saw,  which 
will  take  a  clean  and  straight  cut  through  a  bar  of  iron  or  steel, 
making  it  to  a  dead  length,  which  for  duplicate  work  is  absolutely 
necessary.  The  cut  surfaces  are  smooth,  and  therefore  need  no 
subsequent  dressing,  as  is  the  case  with  hot  iron  saws,  which  usually 
leave  a  flash  on  the  bar  end,  while  the  length  is  necessarily  in  excess  of 
that  required.  A  further  disadvantage  is  the  additional  cost  in  healing 
the  bars  to  be  sawn. 

Cutting  off  bars  of  cold  iron  or  steel  at  the  anvil  is  obviously  slow 
at  the  best ;  the  ends  have  to  be  centred,  turned,  or  shaped,  then  re- 
centred,  and  frequently  the  best  brands  are  either  badly  bent  or  the 
fracture  badly  torn,  especially  in  Lowmoor  or  Swedish  iron. 

In  the  above  type  of  machine  the  driving  spindle  is  forged  with  a 
lai^e  flange  at  one  end,  to  which  the  saw  is  bolted ;  this  ensures  a  positive 
drive.  An  automatic  traversing  motion  is  given  to  the  saddle  through  a 
clutch  arrangement  on  the  feed  screw,  and  when  reversed  the  saddle  is 
traversed  back  by  a  quick  return  through  a  system  of  gears.  A  stout 
shaft  of  steel  extends  through  the  machine  bed  at  each  end,  and  on  this 
shaft  a  worm  is  carried ;  this  also  is  attached  to  the  under  part  of  the 
saddle  by  trunnion  bearings.  On  the  driving  side,  between  the  housing 
and  a  collar  forged  on  the  worm,  an  antifriction  race  carrying  steel  balls 
is  located,  which  greatly  reduces  the  power  required  to  drive  tbe  machine. 
The  phosphor  bronze  wheel  which  gives  motion  to  the  saw  spindle  is 
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provided  with  an  ingenious  patented  arrangement  which  disconnects  it, 
thereby  allowing  the  saw  and  spindle  to  be  revolved  by  hand,  and  the 
sharpening  of  the  saw  teeth  to  be  done  while  in  place  by  the  emery 
wheel  shown. 

Sawing  machines  of  the  larger  types  are  fitted  with  a  clutch  arrange- 
ment for  the  above  purpose,  while  the  smaller  machines  carry  their 
bronze  wheels  on  conical  bushes.  Both  types  are  kept  in  place  by  lock- 
nuls,  but  the  tension  once  removed,  the  spindles  are  instantly  free,  as  is 
obviously  seen  from  Fig.  347.  These  machines  are  frequently  tnade 
with  self-contained  engine- 

A  circular  saw  of  36-in,  diameter  will  traverse  at  %  in.  per  minute 
along  the  bed  with  a  peripheral  speed  of  about  40  ft.  Thus,  a  solid 
steel  shaft  of  6  in.  diameter  can  be  cut  through  in  85  mumtes,  or  a 
steel  girder,  12  X  5  in,  in  20  minutes.  Saws  made  of  high  speed  steel 
(as  now  used)  may  have  their  speed  considerably  increased. 

Instead  of  a  circular  saw,  a  milling 
disc  with  a  number  of  cutters  may  be  fixed 
to  the  driving  spindle,  which  at  once  con- 
verts the  machine  into  a  powerful  mill  for 
plain  surface  work,  such  as  facing  the  ends 
of  huge  castings  or  foldings  of  steel  which 
would  otherwise  be  difficult  to  dress. 

Power  Hack-saw. — The  small  machine 
given  in  Fig.  248  is  by  A.  Herbert,  Limited, 
Coventry.  This  is  a  simple  arrangement ; 
the  saw  is  a  hardened  steel  blade,  called  a 
hack  saw,  and  is  rigidly  held  between 
clamping  plates  at  each  end  of  the  saw 
frame.  The  saw  has  a  reciprocating 
motion,  and  is  guided  in  a  straight  line  by 

means  of  a  slide.  The  pressure  of  the  blade  Fig.  348.— Power  hack-saw. 
on    the    work    is    regulated   by    a   sliding 

weight,  so  that  a  feed  suited  to  the  material  can  be  obtained.  The 
angle  of  the  connecting  rod  is  such  as  to  relieve  the  pressure  on  the  saw 
on  its  return  stroke.  The  saw  blades  are  10  in.  to  12  in.  long,  and 
are  not  re-sharpened  when  dull,  it  being  more  economical  to  insert 

Saws  for  ctttting  Hetal. — Circular  saws  for  cutting  through  bars  of 
wrought  iron  or  steel  are  of  two  principal  kinds,  those  having  vee-shaped 
teeth  and  those  with  stout  teeth  of  a  coarse  pitch.  The  vee  teeth  are 
suitable  for  light  work  with  fine  feeds  ;  if  used  in  cutting  through  thick 
shafts  the  chips  are  apt  to  clog  on  wedge,  and  the  teeth  may  be  broken 
off.  The  saws  having  the  coarse-pitched  teeth  are  preferable  for  coarse 
traverses.  The  pitch  varies  considerably,  but  the  following  may  be  taken 
as  generally  adopted  for  ordinary  purposes; — 

016"     i8"to24"    26"to32"    34"to4o"    42"t048" 
r"  T '  /il"  4"        -     f*"  '"i  ■ 

The  usual  periphery  speed  is  about  45  ft,  per  minute  for  sawing  very 
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hard  materials,  such  as  armour  plate,  but  for  the  soft  metals  and  alloys 
this  must  be  considerably  increased. 

Band  Sawing^  MachiueB  for  Cold  Metal. — Another  type  of  machine 
is  ore  in  which  a  steel  band  is  employed  as  the  saw.  These  machines 
are  specially  adapted  for  curved  cutting  on  plates  of  wrought  iron  or 
mild  steel,  and  for  sawing  out  the  central  blocks  to  form  the  webs  in 
crank  shafts. 


Fig.  249.— Metal  band  saw. 

Dovetails  can  also  be  formed  under  the  action  of  the  band  saw,  and 
the  fins  removed  from  large  stampings  of  intricate  shape.  Fig.  349 
shows  a  band  sawing  machine  which  is  fitted  with  an  automatic  slide  for 
straight  cutting,  and  is  also  capable  of  sawing  the  larger  pieces  of  work 
either  of  angular  or  of  curved  form  (the  latter  of  course  being  fed  by 
hand).  The  cutting  speeds  for  wrought  iron  and  mild  steel  up  to  3  in,  or 
4  in,  thick  is  at  the  rate  of  i'3  sq.  in.  per  minute,  greater  thicknesses  at 
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about  r  sq.  in.  per  minute.  The  saw  blades  are  from  j  in,  to  1  j  in.  wide, 
according  to  the  kind  of  work  to  be  cut.  The  narrow  blades,  after 
repeated  sharpening,  are  retained  for  work  having  sharp  curves. 

To  obtain  a  uniformly  straight  saw-cut  through  the  metal,  great  care 
has  to  be  exercised  in  forming,  brazing,  and  finishing  the  joint  of  the 
blade.  A  small  "  forge  "  is  usually  employed  for  brazing  broken  saws. 
The  ends  of  the  saw  are  tapered  with  a  file,  and  a  lap  joint  is  made  by 
binding  the  ends  together  with  fine  iron  wire  and  then  with  fine  brass 
wire.  The  joint  is  next  wetted  with  a  strong  solution  of  borax  and  water. 
To  hold  the  blade  perfectly  straight,  a  clamp  is  used  having  one  face 
truly  planed ;  against  this  the  back  edge  of  the  saw  is  fixed. 

A  jet  of  gas  and  air  is  then  brought  to  play  directly  over  the  joint 
until  the  brass  melts.    The  gas  is  then  turned  off,  the  blade,  cooled  with 
the  air  blast,  and  the  joint  filed  down  until  it  is  the  same  thickness  as 
the  rest  of  the  saw. 
The  blade  is  finally 
set    and    sharpened 
in    a  saw-sharpening 
machine. 

Rotary  Planini: 
Machine. — Fig.  250 
shows  a  rotary  plan- 
ing machine  by  John 
Tangye,  Manchester, 
in  which  the  cutting 
tools  are  carried  by 
a  large  head  or  disc. 
It  is  claimed  that  this 
method  of  cutting  is 
superior  to  "  recipro- 
cating" tools,  while 
the    time    occupied 

over  a  given  piece  of  Fig.  250.— Rotary  planing  machine. 

work  is  said   to  be 

less.  Unlike  the  shaping  machine,  the  slide  carrying  the  driving  spindle 
is  made  to  travel  longitudinally,  and  the  cutters  to  rotate  past  the  object 
to  be  dressed. 

Shaping  Machines-^When  short  pieces  of  work  are  to  be  planed, 
shaping  machines  are  used  in  preference  to  planing  machines.  These 
are  made  in  a  variety  of  forms :  single-geared,  in  which  the  motion  is 
direct  from  the  driving  shaft  to  the  connecting  rod  and  ram  ;  dotibk- 
^ared,  in  which  the  motion  is  transmitted  through  gear  wheels  to  increase 
the  power  of  the  machine.  Single-geared  shapers  are  usually  of  small 
dimensions  suitable  for  running  at  high  speeds  for  light  work.  In  these 
machines  the  fitting  tool  travels,  while  the  work  to  be  operated  upon  is 
fixed  to  a  table  which  is  stationary  01  is  supported  in  a  machine  vice,  as 
the  case  may  be.  Single-geared  machines  have  one  uniform  travel  to 
the  ram  and  cutting  tool  in  the  forward  and  backward  stroke. 

Doablfr-geared  Shapers  are  fitted  with  a  link  or  other  quick  return 
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motion  to  the  ram;  the  larger  type  of  machines  are  frequently  con- 
structed with  two  heads  or  saddles  which  are  independent  in  every 
movement  (Fig.  251).  In  machines  of  the  latter  class,  two  cutting 
tools  may  be  operating  simultaneously  on  the  same  piece  of  work. 
Generally,  however,  one  piece  is  being  tooled  while  another  is  being 
set,  unless  the  surfaces  are  large.  The  down-feed  is  by  hand  wheel,  or 
made  automatic  by  means  of  a  ratchet  and  paul  worked  directly  from 
a  disc  on  the  driving  shaft.  There  are  two  distinct  forms  of  transverse 
feed. 

(rt)  By  means  of  a  system  of  levers  located  at  the  end  of  the  machine 
bed  to  gears  and  feed  screw,  which  rotates  in  a  nut  carried  by  the  saddle. 
There  is  no  objection  to  be  found  in  the  above  arrangement  when 
the  machine  has  a  short  bed,  but  when  the  saddle  is  working  at  the 
opposite  end  of  a  long  bed,  say,  taking  a  finishing  cut  near  a  shoulder, 
then  the  arrangement  is  defective,  as  the  operative  has  to  leave  his  post 
to  manipulate  the  feeding  screw  or  paul  without  being  able  to  see  how 
the  tool  is  progressing. 

(^)  By  means  of  a  set  of  gears,  actuated  by  a  ratchet  motion  which 


—Quick  leluin  by  link  and  die. 


is  attached  to  one  side  of  the  saddle,  and  which  traverses  it  along  the 
bed  of  the  machine. 

This  motion  shown  in  Fig.  251  is  very  compact,  and  since  the  hand- 
wheel  is  near  the  ram  and  the  cutting-tool,  there  is  much  to  be  said  in 
favour  of  this  arrangement. 

Quick  Return  by  Link  and  Die. — There  are  several  methods  of 
producing  a  quick-return  motion  for  the  ram  of  a  shaping  machine,  one 
of  which  is  given  in  detail  in  Fig.  25  ia.  The  link  L  is  pivoted  at  P, 
and  is  attached  at  C  to  a  connecting  rod  D ;  the  opposite  end  of  D 
is  secured  directly  to  the  ram  carrying  the  cutting  tool.  A  pinion  on 
the  driving  shaft  engages  with  a  spur-wheel  having  a  tee-slot  projecting 
from  its  face  on  one  side,  the  slot  running  from  the  wheel-boss  to  an 
aperture  near  the  teeth.  When  the  bolt  B  is  inserted  in  wheel  A,  a 
socket  S  is  fitted  upon  it,  then  on  to  this  the  die  is  passed,  and  lastly 
the  link  is  slid  over  the  die  and  secured  by  means  of  a  large  washer 
and  nut,  and  the  hinge-pin  at  the  lower  end  fixes  the  mechanism  ready 
for  use. 
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Hendey  Sliapinj  Machine.— The  machine  shown  in  Figs.  252-3 
is  a  shaping  machine  made  by  the  Hendey  Norton  Machine  Co.,  ofl 
America.  The  arrangement  of  the  reversing,  and  the  feed  motions  are 
entirely  different  in  character  to  the  machines  ahove  descrihed. 

Friction  Clutch  Drive. — The  movement  of  the  ram  in  this  case  is  \ 
r5  in,,  and  any  intermediate  distance  can  be  obtained  while  the  machine  i 
is  running.  Referring  to  drawing  No.  3,  it  will  be  seen  that  the  ram ' 
is  fitted  with  two  slops  which  are  adjustable  by  means  of  the  gripping 
handles  attached  to  them. 

Micrometer  Adjustment.— ThtK  is,  in  addition  to  the  stops,  a 
Micrometer  Adjustment  attached  to  the  handle  of  the  reversing  lever 
which  permits  the  stroke  of  the  ram  to  travel  with  great  exactness.  The 
regulation  is  effected  by  means  of  a  screw  with  a  thumb-nut  attached 
to  a  wedge-shaped  piece  on  the  handle  of  the  reversing  lever. 

Reversing  Mechanism. — There  are  two  gear  wheels  engaging  with  a 
rack  beneath  the  ram,  the  gears  being  driven  directly  from  a  wheel 
on  the  pulley  shaft.  When  the  stop  on  the  ram  strikes  the  reversing 
lever,  the  movement  is  communicated  to  the  reversing  rod  which  actuates 
the  friction  disc,  and  thus  makes  contact  between  the  disc  and  the 
driving  pulley.  As  soon  as  this  occurs  the  friction  is  locked  by  means 
of  a  spring  operating  on  a  point  near  the  bottom  of  the  reversing  rod. 
This  is,  therefore,  converted  into  a  positive  drive  until  the  second  stop 
on  the  ram  strikes  the  lever,  whereon  the  position  of  the  lever  is  moved 
and  the  whole  mechanism  liberated.  The  disc  being  now  forced  into 
the  other  driving  pulley,  frictional  contact  is  again  made,  and  the  ram 
moves  in  an  opposite  direction. 

.  Use  of  Locking  Spring. — The  locking  arrangement  insures  the  frictional 
contact  remaining  in  place  the  full  length  of  the  stroke,  and  it  also 
enables  the  machine  to  nm  and  reverse  on  very  slow  speed. 

Fixity  of  Fam. — Referring  to  the  drawing.  Fig.  252,  it  will  he 
observed  that  in  these  machines  there  is  not  a  moving  slide  to  the  ram, 
but  to  the  table  slide,  which  is  fitted  with  a  longitudinal  traverse. 

Hinged  Table. — The  table  to  which  the  work  is  secured  is  provided 
with  a  hinge  joint  at  the  top ;  this  is  useful  when  taper  work  l^s  to  be 
planed,  the  inclination  being  ohlained  by  means  of  a  screw  at  the 
bottom. 

Locking  Lever  to  Vice. — The  parallel  vice  is  not  held  down  with 
bolts,  but  by  means  of  a  lever  which  works  within  the  box-table. 

Quick  Feturn.— On  the  overhead  shaft  there  are  two  pulleys  to  the 
machine;  the  larger  one  carries  a  crossed  belt  which  gives  the  quick 
return  motion  to  the  ram.  The  other  is  a  cone  pulley  with  two  steps  to 
vary  the  speed  of  the  cutting  stroke. 

Blotting  UachineB.^ — Slotting  machines  are  made  to  cut  in  three 
different  ways ;  slotting  grooves  in  wheels,  called  key  ways ;  "  machining  " 
plane  surfaces,  and  "  tooling  "  circular  work,  such  as  the  ends  of  knuckle 
joints  or  connecting  rods. 

There  are  three  feed  motions,  viz,  longitudinal,  transverse,  and 
circular,  each  of  which  may  be  worked  automatically  or  by  hand 
(Fig.  253)- 
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The. ram  carrying  the  cutting  tool  works  in  two  vertical  shdes,  and 
has  a  reciprocating  motion,  in  which  it  is  directly  driven  with  a  connect- 
ing rod  by  a  crank  pin,  carried  on  a  slotted  disc  at  the  end  of  the 
driving  shaft  in  an  ungeared  machine,  or  by  a  link  in  a  geared 
machine,   which   gives   a  quick   return    motion    to  the   cutting  tool 


Fig.  154.— Slotting  machine. 

(251A).  On  the  driving  shaft  a  cam  disc,  D,  is  keyed.  At  the  side  of 
the  main  body  of  the  casting  an  axle.  A,  is  secured  by  a  nut.  On  axle 
A  rides  a  double-ended  lever,  at  one  end  of  which  a  steel  roller  is 
pivoted,  which,  by  passing  into  the  cam-groove  on  disc  D,  actuates  the 

Q 
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lever.  At  E  a  connecting  rod  is  fixed,  which  operates  at  its  other  end ; 
a  bell-crank  lever,  carryijig  a  paul  or  catch,  which  gives  motion  to  a 
wheel  keyed  on  shaft  F.  The  cam-disc,  D,  is  keyed  on  the  driving 
shaft  in  such  a  position  that  when  the  ram  is  raised  to  its  extreme  limit 
preparatory  to  its  return  stroke,  the  cam  operates  the  roller,  and  gives  a 
short  and  sharp  motion  to  the  lever  which  communicates  with  the 
connecting  rod,  and  ratchet  wheel,  w,  is  move'd  forward  one  or  two 
teeth.  The  cut  is  thus  "  put  on  "  alternately  with  the  fall  of  the  ram, 
and  the  tool  cuts  uniformly  in  a  straight  line.  Each  of  the  feed  motions 
is  obtained  from  the  same  ratchet-wheel  shaft,  G,  and  they  may  be 
operated  either  separately  or  in  combination. 

The  longitudinal  motion  is  actuated  by  gripping  the  wheel  H  to  the 
coned  bearing  on  the  end  of  the  traverse  screw  T,  on  which  it  rides ; 
the  "circular"  by  similarly  gripping  the  wheel  X,  and  the  transverse  by 
gripping  the  wheel  Y  to  the  traverse  screw  Z. 

The  circular  motion  is  directly  obtained  through  a  worm  carried 
by  a  bracket  which  is  attached  to  the  bottom  slide ;  and  the  worm, 
carrying  within  its  bore  a  small  key,  is  traversed  along  the  shaft  as 
well  as  being  rotated  by  it.  Thus  when  the  wheel  is  caused  to  grip 
the  shaft  the  worm  gives  a  slow  movement  to  the  table  on  which 
the  work  is  secured.  In  machines  of  a  larger  type  the  worm 
and  wheel  are  sometimes  placed  below  the  slide,  out  of  the  way  of 
cuttings. 

Circular-ended  connecting  rods  and  rounded  joints  are  fhmiliar 
examples  showing  the  advantage  of  slotting  in  the  above  manner,*  'For 
plane  surfaces,  however,  slotting  machines  will  not  compare  with 
milling,  shaping,  or  planing  machines.  The  reason  is  partly  because 
the  increased  distance  between  the  tool  nose  and  the  slides  in  which 
the  ram  works  gives  more  or  less  leverage  to  the  ram.  Another  cause 
is  that  as  the  cut  descends  the  leverage  is  greater,  and  the  tendency 
is  to  leave  the  surfaces  somewhat  rounded  instead  of  flat — welt  shown 
in  slotting  deep  holes.  In  the  last-named  respect  a  shaping  machine 
is  another  of  this  class. 

Planing  Machines. — A  planing  machine  consists  of  two  upright 
standards  or  cheeks  bridged  at  the  top  by  a  cross  rail  or  tie  bar  and 
secured  at  each  side  of  the  machine  bed  on  which  the  table  rides.  The 
faces  of  each  upright  are  scraped  to  a  true  plane,  and  down  the  centre 
of  each  face  a  groove  is  made,  into  which  groove  a  square-threaded 
screw  is  placed  vertically.  At  the  top  of  these  screws  bevel  wheels  are 
geared  with  similar  wheels  on  a  horizontal  shaft  (see  Fig.  255).  Beneath 
the  cross  rail  a  horizontal  slide  is  fixed  which  is  capable  of  a  rising  and 
falling  motion  according  to  the  work,  whether  it  be  a  deep  casting  or 
a  flat  bar  of  iron  to  be  "  planed."  The  slide  carries  at  the  back  tvto 
square-thread  nuts  which  are  fitted  to  the  vertical  screws,  and  at  its  front 
a  bevel-wheel  shaft  which  gives  motion  to  the  vertical  slide  carrying  the 
tool-box  and  tool.  Running  parallel  with  the  bevel-wheel  shaft,  and  also 
taking  bearing  in  the  cross-slide,  is  a  square-threaded  screw  engaging 
with  a  nut  on  the  transverse  slide  or  saddle ;  the  tool-box  can  be  moved 
evenly  across  the  work  at  any  distance  from  the  table  beneath  it.     Thus 
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the  cutting  tool  may  be  moved  vertically  and  horizontally  by  means  of 
the  slide  and  saddle  respectively. 

Each  movement  may  be  actuated  by  hand  or  automatically  fed 
by  a  system  of  gear-wheels.  By  carrying  the  motion  shafts  through 
the  slide,  as  in  Fig,  255,  the  operator  has  the  opportunity  of  working 
his  machine  from  either  side ;  this  is  an  advantage,  especially  in  deep 
cutting.  These  machines  are  not  unfrequently  engaged  in  "dressing 
up"  surfaces  which  must  be  straight,  but  which  do  not  have  to  act  in 
any  way  as  slides  do.  In  work  of  this  character  the  "  dead  "  smoothness 
and  the  absolute  evenness  is  not  so  much  desired  as  a  general  flat 
appearance. 

In  machine-tool  building,  planing  machines  are  most  generally  fully 
occupied  in  high-class  work.  It  is  in  this  work  especially  that  the 
surfaces  produced  must  be  even,  smooth,  and  truly  parallel.  Therefore, 
on  the  accuracy  of  the  planing  the  subsequent  quality  of  the  machine 
construction  greatly  depends,  whether  the  manufacture  of  the  tools  is  of 
a  heavyj  medium,  or  light  class.  Remembering  this,  it  is  obvious  that 
the  principal  moving  parts  of  the  machine  should  slide  with  as  smooth 
a  motion  as  possible,  so  that  the  surfaces  after  tooling  will  be  such  as  to 
require  a  minimum  amount  of  alteration  or  dressing. 

The  late  Sir  Joseph  Whitworth  of  Manchester  designed  his  planing 
machines  with  a  powerful  screw  running  the  full  length  of  the  machine 
bed,  and  a  nut  engaging  with  this  was  secured  to  the  underside  of  a  long 
table.  The  table  was  thus  traversed  along  the  machine  bed,  and  by  means 
of  a  ''  reversing  motion  "  the  direction  of  movement  was  changed.  At 
this  instant,  by  a  novel  device,  the  tool-box  in  which  the  cutting  tool 
was  secured  was  also  turned  about,  with  the  result  that  there  was 
almost  a  constant  cutting  action,  while  the  machine,  of  course,  moved  at 
one  uniform  rate  during  the  backward  and  the  forward  stroke. 

The  screw-driven  planing  machine  embodies  all  that  can  be  desired 
in  evenness  of  running,  but  the  reversible  tool  holder  is  not  now  made, 
owing  to  the  amount  of  wear,  at  a  part  which  of  all  is  the  most  vital, 
viz.  the  joints  about  the  tool-box. 

In  many  planing  machines  the  gearing  which  transmits  the  power  of 
the  driving  belt  to  the  table  produces  more  or  less  vibration  in  the 
machine,  which  is  communicated  to  the  cutting  tool,  the  effect  of  which 
is  exhibited  upon  the  work  in  the  form  of  wavf  lines,  called  "  chatters," 
at  right  angles  to  the  motion  of  the  table,  and  of  greater  or  less  intensity, 
dependent  upon  the  character  of  the  vibrations,  but  always  visible  to 
the  naked  eye.  So  that  planing  thus  produced,  if  intended  for  the  high- 
class  "  machme  tools,"  will  need  an  amount  of  scraping  and  fitting  to 
bring  it  to  a  true  surface. 

In  the  above  type  of  plane  the  reciprocating  table,  being  operated 
directly  or  indirectly  through  spur  or  bevel  gearing,  the  speed  of  the 
return  stroke  is  limited  by  the  capacity  of  this  gearing  to  resist  the 
shocks  which  a  high  velocity  imparts. 

Chatter  Marks. — Perhaps  the  greatest  defects  in  planing  machines 
have  been  the  shock  created  by  the  reversal  of  the  driving  mechanism 
operating  the  table  when  running  at  a  high  velocity,  and  the  difficulty 
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in  stopping  the  table  at  either  extremity  of  its  movement  by  manipulating 
the  reversing  apparatus.  If  the  workman  desired  to  reverse  the  motion 
of  the  table  while  "under  cut,"  he  had  first  to  throw  the  feed  pau! 
out  of  gear  to  avoid  doubling-  the  feed  on  the  unfinished  cut  when 
automatic  action  was  resumed.  If  he  threw  the  paul  out  of  gear,  it 
could  not  be  replaced  so  as  to  continue  the  original  cut,  and  a  mark 
upon  the  work  was  sure  to  occur. 

Bpiral-geared  Plane. — A  planing  machine  by  Messrs.  William  Sellers 
&  Co.,  Philadelphia,  is  illustrated  in  Fig,  255.    This  machine,  "The 


Fig.  255.— Spiral -eeaied  plane. 

Patent  Spiral-Geared  Plane,"  is  now  in  general  use,  where  chatter  and 
some  of  the  defects  above  referred  to  were  felt  to  be  serious. 

It  will  be  gathered  from  this  that  the  objections  referred  to  have 
been  eliminated  by  this  different  type  of  machine.  However  that  may 
be,  there  is  a  novelty  in  the  idea  and  arrangement  which  has  been  to 
some  extent  imitated. 

Briefly  the  changes  are  these :  The  gears  are  boxed  and  sheathed. 
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A  spiral  pinion  engages  with  an  inclined  rack  on  the  under  side  of 
the  table,  instead  of  the  straight-toothed  rack  and  pinion.  The  reversing 
mechanism  is  actuated  by  friction  clutches  driven  from  a  belt  or  belts 
running  in  the  same  direction.  When  the  stop  on  the  table  strikes  the 
lever  at  one  end  of  the  stroke,  it  draws  one  clutch  out  of  engagement, 
and  presses  lightly  against  the  other,  which  is  running  in  the  opposite 
direction.  Owing  to  this  frictionai  escapement  mechanism,  -which  is 
opa-ated  of  a  uniform  rate  of  speed  indep<nde>ii  of  the  velocity  of  the 
machine  (able,  the  rate  of  the  return  movement  is  safely  increased  from 
54  ft  to  72  ft.  per  minute,  and  this  without  shock  to  the  cutting  tools. 
The  shifting  lever  Is  connected  with  the  feed  motion  by  a  clutch  which 
may  be  disengaged  by  a  half  turn  of  the  handle  on  the  end  of  the 
lever,  and  the  planer  table  reversed  as  desired  without  taking  up 
additional  feeds.  When  a  straight  toothed  rack  and  pinion,  however 
well  constructed  and  geared,  are  subjected  to  great  stress,  they  cannot 
move  with  absolute  precision.  That  is  to  say,  when  this  form  of  gearing 
is  employed,  as  in  a  planing  machine,  to  traverse  the  table  and  work  with 
sufficient  force  to  overcome  the  resistance  of  the  cutting  tools,  each  fresh 
tooth  of  the  rack  as  it  is  drawn'into  gear  with  the  rotating  pinion  imparts 
to  the  table  a  movement  more  or  less  irregular. 

Seeoring  Work  to  be  planed.— The  work  to  be  planed  is  firmly 
secured  with  bolts  and  clips  to  the  machine  table,  which  is  provided  with 
T  slots.  The  surface  of  the  table  is  truly  flat,  and  is  usually  finished  by 
taking  a  very  fine  cut  over  it  after  the  machine  is  finally  fitted  up  in  place. 

There  are  many  pieces  much  more  conveniently  secured  in  the 
parallel  machine  vice  described  on  p.  327,  Fig.  363,  Such  work  as 
engine  cylinders  and  lathe  headstocks,  which  have  to  be  machined  on 
their  base,  and  which  cannot  be  bolted  directly  to  the  table  or  held  in 
the  machine  vice,  are  secured  to  angle  plates.  The  angle  plates  greatly 
facilitate  the  setting,  since  they  stand  truly  vertical  when  secured  to  the 
table  of  the  planing  machine.  Angle  plates  also  serve  well  as  stops  to" 
heavy  castings  and  forgings  by  being  fixed  in  front  of  them  whilst  they 
are  tooled  over. 

Crank  and  Elliptical  Gear  W/teels. — For  work  of  small  dimensions 
planing  machines  are  sometimes  constructed  with  elliptical  gearing  and 
a  connecting  rod  to  give  movement  to  the  table,  as  in  Fig.  256,  by 
William  Muir  &  Co.,  Limited,  Manchester.  The  wheels  are  located  at 
the  back  of  the  bed,  and  the  connecting  rod  or  crank  is  attached  to  one 
of  these  by  one  end,  while  the  other  end  is  secured  to  the  machine  table. 
The  elliptical  gears  are  so  arranged  that  a  uniform  longitudinal  traverse 
can  be  obtained  for  cutting  and  a  treble  speed  for  the  return  stroke. 
Machines  of  this  character,  like  those  which  are  "screw-driven,"  run 
very  evenly,  and  are  superior  to  the  rack-and-pinion  machines  for  pro- 
'ducing  smooth  surfaces  on  the  work. 

Limit  of  Speed  Cone. — The  driving  is  by  speed  cone,  which  is  an 
adirantage  in  light  running,  as  variable  rates  of  travel  are  required  where 
a  variety  of  metals  are  to  be  cut.  There  is,  however,  a  limit  to  this  form 
of  drive,  owing  to  the  rapid  speed  at  which  the  table  would  travel  during 
the  return  stroke  when  the  forward  traverse  is  at  a  maximum.     (This 
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does  not  refer  to  those  machines  which  are  filled  with  a  separate  mecha- 
nism to  actuate  the  return  travel  of  the  table.) 

Large  Plftnin^  Hachine. — A  few  particulars  of  a  planing  machine 
designed  for  the  heaviest  class  of  work  in  armour  plale  and  steel  forgings 
may  not  be  without  interest.  This  machine,  huilt  by  Messrs.  William 
Sellers  &  Co ,  will  plane  a  piece  of  work  25  ft  long  by  12  ft,  wide.  It 
is  provided  with  two  saddles  45  in.  long  on  the  cross  rail,  which  is  43  in. 
deep.    The  swivel-tooth  slides  on  the  saddle  are  6  ft  long  by  20  in.  wide, 


FtG,  I ;6.— Crank-driven  planing  machine, 
and  have  a  stroke  of  3  ft.,  while  the  tool  apron  and  clamps  are  pro- 
portioned for  cutter  bar  6  in.  square.  Each  saddle  has  its  own  screw 
and  rod  actuated  by  an  independent  feed  motion.  At  the  end  of  the 
cross  rail,  which  is  22  ft.  8  in.  long,  each  has  its  own  electric  motor  for 
rapid  traverse,  while  another  motor  is  employed  to  raise  and  lower  the 
cross  rail.  The  housings  or  uprights,  of  box  form,  are  30  in.  wide  on 
the  face,  8  ft.  6  in.  deep,  and  each  is  provided  with  a  slide  rest  having 
30-in.  stroke  and  carrying  a  tool  apron  adapted  for  a  4-in.  square  cutter 
bar.  The  table  is  10  ft  wide,  and  has  a  cut  steel  rack,  3-in.  pitch,  i8-in. 
face.  The  rack  is  driven  by  a  pinion  having  six  teeth,  which  are  cut 
spirally ;  the  pinion  is  carried  by  a  steel  shaft  9  in.  diameter,  the  shaft 
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being  fixed  diagonally.     The  bearings  in  the  bed  for  the  table  and  the 
thrust  bearings  of  the  shaft  are  lubricated  by  oil  supplied  by  a  small 
pump   and    circulating 
system  with  tank  pipes 
and  filter  for  the  oil  on 
'j  its  return.     The  driving 

I  gear  is   operated  by  a 

i,'    ■  ra-in.     belt      from      a 

■  j  i  ■  counter  shaft  or   elec- 

tric motor,  and   drives 
through      reversing 
clutches    operated    by 
^    compressed  air.      Cut- 
3     ting  power  on  four  tools 
i3     =  100,000  lbs, 
u         Plate-edge  Planing 
%     Machine. — Fig.  357  re- 
\     presents  a  machine  for 
'     planing    the    edges    of 
\     ship  plates.boiler  plates, 
\     etc.  The  work  is  placed 
3     Upon  the  long  table,  and 
-     is    clamped    down    by 
.      !§     the  six  thimble  screws 
. ',        .     carried  in    the  massive 
c     beam  above  the  saddle. 
"S,    The  latter  is  traversed 
j'j     ^     by  a  central  screw  run- 
.  II      a     "'"g  the  whole  length 
:'      I.    of   the    machine    bed. 
'       ^     The  tool  box  is  of  the 
{..       00     turnover   type;   that   is 
/  ■■       (f     to  say,  when  the  saddle 
;.!       0     has  reached  the  adjust- 
'^     able  stop  shown  in  the 
front    of    machine,  the 
motion  to  the  saddle  is 
I  automatically   reversed. 

Then  the  workman  turns 
■;f '  over  the  tool  box,  caus- 

ing it  to  operate  in  the 
opposite   direction. 
'  ■  There  is  a  vertical  and 

transverse  slide  to  the 
saddle  actuated  hy  the 
hand  wheels  shown.  The  clamping  beam  is  arranged  with  open  ends, 
so  that  plates  of  any  length  can  be  easily  manipulated.  Curved  plates 
are  planed  by  the  aid  of  a  "  former,"  which  is  fixed  when  required  to 
the  brackets  seen  in  front  of  the  machine. 
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This  machine  has  a  down-feed  of  9  in.,  so  that  a  number  of  plates 
may  be  planed  together.     Huge  masses  of  metal  may  thus  be  secured  to 
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a  fixed  table  while  the  cutting  tool  is  traversed  past.  In  this  respect  a 
machine  of  this  class  has  advantage  over  the  ordinary  type  of  plane,  as 
the  power  to  drive  is  less  where  there  is  not  the  weight  of  the  table  and 
work  to  move. 

Open-side  Planing  Machine.— The  machines  illustrated  in  Figs.  258, 
259  are  made  with  an  open  side,  and  are  constructed  by  Messrs.  George 
Richards,  of  Broadbeath,  Manchester.     Iron  castings  of  irregular  shnpe 


Fig.  i6o.— Examples  of  open  side  planing. 
and  other  pieces  of  work  can  be  conveniently  tooled  over  in  these 
machines,  but  which  in  an  ordinary  planing  machine  would  necessitate 
the  tool  box  being  packed  off  from  its  proper  seating,  and  then  made  to 
carry  an  overhanging  tool  bar,  a  system  always  to  be  avoided,  if  prac- 
ticable, on  account  of  the  increased  vibration  given  to  the  cutting  tool, 
and  the  extra  time  in  preparing  for  the  work  and  removing  the 
packings. 

In  some  machines  of  this  class  a  bed  plate  is  supplied.    The  plate 
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is  let  in  flush  with  ihe  ground  floor,  which  is  levelled  to  lie  evenly,  and 
is  thus  found  useful  to  support  the  work,  also  to  facilitate  the  setting. 

Referring  to  Fig,  259,  it  will  be  observed  that  the  bed  is  somewhat 
similar  to  that  of  a  shaping  machine,  but  the  slides  carrying  the  cutting 
tools  traverse  both  longitudinally  and  transversely  with  the  bed.  This 
machine  has  capacity  to  "tool  up"  iron  castings  30  ft.  long  by  40  in. 
wide,  or  by  turning  the  position  of  the  work,  80  in.  wide  can  be 
surfaced  over. 


Fig.  260A. — Examples  of  open  side  planing. 

There  are  some  points  of  advantage  in  this  type  of  planing  machine, 
viz:  heavy  castings  are  quickly  set;  there  is  less  friction  of  the 
moving  slides,  since  the  table  and  the  work  do  not  travel;  and  finally, 
there  is  much  less  area  required  for  the  machine. 

Further  comment  is  not  necessary,  as  Fig.  260  gives  examples  of  the 
application  of  the  open-side  plane  on  general  work.  The  machines 
usually  have  a  pit  near  the  front  face  for  the  convenience  of  deep 
castings  (see  Fig,  259), 
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CHAPTER  XII. 

MILLING  MACHINES. 

"  Milling  "  is  the  process  of  cutting  metal  by  the  use  of  revolving 
cutters.  Milting  machines  are  lOf  two  principal  kinds,  viz.  vertical  and 
horizontal. 

The  vertical  milling  machine  is  a  development  of  the  drilling 
machine  in  which  a  revolving  spindle  carrying  at  its  extremity  a 
circular  cutter  with  serrated  teeth  is  made  to  operate  on  its  end,  or 
periphery,  or  both,  as  required,  while  the  work  is  fixed  to  the  machine 
table.  These  machines  frequently  have  two  spindles,  one  of  which  may 
be  fitted  with  a  "  dummy,"  i.e.  a  short  shaft  without  teeth,  or  cutting 
edges,  but  which,  by  pressing  against  the  outer  or  inner  surface  of 
a  finished  piece  of  work  or  templet,  can  be  made  to  travel  automatically 
or  by  hand,  and  by  so  doing  cause  the  cutter  spindle  to  follow  the 
same  path  over  a  piece  of  work  to  be  milled,  the  cutter  being  kept 
in  action  while  any  material  remains  over  and  "above  the  size  or  shape 
of  the  templet.  It  will  thus  be  seen  that  the  two  spindles,  being  carried  ■ 
by  the  same  saddle,  move  tc^ether  to  the  right  or  left  according  to  the 
direction  of  traverse,  and  produce  on  the  object  to  be  milled  the  exact 
contour  of  the  templet. 

Vertical  machines  of  this  class  are  called  "  profiling  "  machines,  and 
are  much  used  in  cycle,  small-arm,  and  similar  manufacture,  where  the 
parts  are  interchangeable.  The  milling  machine  is  by  no  means 
modern,  for  some  kinds  of  work  have  been  milled  for  a  considerable 
number  of  years,  such,  for  instance,  as  wheel  cutting  and  the  facing  on 
the  "  flats  "  of  machine  screws  and  nuts,  also  in  the  brass  finishing  trade. 
It  was,  however,  not  until  recently  that  the  milling  machine  has  become 
universally  adopted  as  an  absolute  necessity  in  all  branches  of  engine 
construction  and  machine-building  trades. 

There  were  two  principal  reasons  why  milling  as  a  process  was  not 
formerly  more  generally  practised.  In  the  first  place,  milling  cutters, 
being  home-made  (by  hand)  were  very  expensive,  and  secondly,  only 
comparatively  few  attempted  the  task,  owing  to  their  want  of  knowledge 
of  the  advantages  of  milling. 

Where  milling  cutters  were  used,  they  were  made  as  follows: 
Discs  of  crucible  cast  steel  were  forged,  and  annealed.  Afterwards 
these  were  bored,  turned,  and  division  lines  (very  close)  marked  on 
their  sides  and  circumference.  Then  commenced  the  slow  and  tedious 
task  of  filing  out  the  spaces  between  the  cutting  edges,  and  with  a 


Dcinz.aoy  Google 


MILLING  MACHINES.  237 

light  hand  hammer  and  small  chiset  to  chip  away  the  metal  at  the 
hack  of  each  cutting  edge,  so  as  to  give  clearance  or  relief  to  the 
teeth  of  the  cutter,  this  part  of  the  process  being  finished  with  the  point 
of  a  file.  The  cutters  were  then  hardened  and  tempered,  and  tested  for 
truth  by  rotating  them  on  their  own  mandrel  or  spindle  between  the 
centres  of  a  lathe.  If  satisfactorily  true,  they  were  very  carefully  used  on 
such  work  as  the  making  of  small  gear  wheels,  fluting  taps,  and 
reamers,  etc. 

As  the  cutters  became  dull,  and  required  re-sharpening,  they  had  to 
be  re-heated  and  annealed,  and  the  face  of  each  cutting  edge  filed,  and 
again  hardened  and  tempered  as  before.  Thus  the  cutting  capacity  of 
the  steel  was  deteriorated:  added  to  this,  the  risk  of  cracking  and 
warping  was  increased  by  repeatedly  heating  and  quenching. 

From  the  foregoing  it  will,  I  think,  be  easily  understood  that  milling 
cutters  were  used  only  on  such  work  as  could  not  be  well  treated  other- 
wise. This  being  so,  it  was  not  until  milling  as  a  good  system  had 
been  well  tested  by  a  few  British  and  some  American  firms  that  the 
practice  became  at  all  general. 

"  TJniTeraal "  Hilling  Hachine. — A  milling  machine  to  be  "  Uni- 
versal," is  one  possessing  the  capacity  of  cutting  the  teeth  of  spur 
or  bevel  wheels,  spiral  drills,  or  any  kind  of  taper  or  parallel  work, 
automatically.  A  machine  of  this  description  is  shown  in  Fig.  261,  made 
by  Messrs.  Brown  and  Sharpe,  of  America. 

Referring  to  the  section  of  the  headstock,  it  will  be  seen  that  the 
front  bearing  is  provided  with  a  nut,  A,  by  tightening  which  the 
shoulder  of  the  collar  is  brought  against  washers  on  front  of  the  frame. 
The  tail  bearing  is  adjusted  by  the  nut  C. 

It  may  be  pointed  out  that  these  bearings  in  which  the  spindle 
revolves,  although  adjustable,  are  very  seldom  adjusted.  When  once 
properly  set,  they  are  best  let  alone,  as  the  spindle  is  very  sensitive. 

The  spindle  nose  is  screw-cut  to  receive  a  chuck  or  face  plate,  but 
when  not  in  use,  a  guard  nut,  D,  is  screwed  on  to  protect  the  thread. 

The  speed  cone  has  three  steps,  the  largest  being  10  in.  diameter, 
and  will  take  a  3-in.  belt,  and  by  using  back  gear  six  changes  of  speed 
may  be  obtained. 

The  spindle,  which  is  of  steel,  is  hardened  and  ground  to  fit  its 
bearings.  It  is  hollow,  and  at  the  front  a  taper  hole  is  made  to  a 
standard  taper  gauge  ;  by  this  arrangement  standard  tools  may  be  used, 
the  fit  of  which  is  reliable  without  trial. 

Above  the  spindle,  and  running  parallel  with  it,  is  a  sleeve,  in  which 
the  overhanging  arm  rides.  The  arm  may  be  reversed,  turned  out  of 
the  way,  or  removed  to  receive  an  attachment. 

The  centre  is  adjustable  by  the  screw  shown  at  its  extremity ;  but 
in  some  machines  the  end  of  the  cutter  mandrel  is  turned  down  to  pass 
into  a  bushing  carried  by  the  overhanging  arm,  in  addition  to  the 
adjustable  centre  referred  to. 

■  The  machine  table  may  be  fed  automatically  in  either  direction,  and 
can  be  changed  by  a  simple  movement  of  a  lever  on  the  front  of  the 
saddle,  while  the  saddle  which  carries  the  table  pivots  in  a  clamp  bed. 
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and  is  kept  in  position  by  three  bolts,  which  are,  when  required,  allowed 
to  move  in  a  circular  path,  in  a  similar  manner  to  the  compound  slide 
of  a  lathe.  This  permits  of  the  table  being  set  at  any  angle  up  to  45° 
each  way  from  zero. 

Instead  of  wrenches  being  necessary,  there  are  fixed  handles   to 


Fig.  261. — Universal  milling  raachire. 

clamp  the  knee  or  saddle  as  required.  There  are  ball  bearings  to  the 
knee  seating  which  allow  it  to  be  easily  moved.  This  is  an  improve- 
ment on  some  types  of  machines  which  are  easily  moved  downwards 
(owing  to  the  weight),  but  are  difficult  to  raise-     Beneath  the  knee 
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is  the  stop  rod,  carrying  two  sliding  collars  JJ,  which  are  set  when  it  is 

desirable  to  limit  the  movement  of  the  knee. 

By  reference  to  Fig.  262,  which  is  a  section  through  the  knee,  saddle, 

and   table,  it  will  be  seen  that  the  feed  is  driven  from  the  feed  cones, 

through  the  bevel  gears  by  the  shaft  A  through  the  bevel  gear  B  to  the 
shaft  carryii^  the  bevel  gear  p,  then  through  bevel  gear  E  on  lower  end, 
of  vertical  shaft.     The  clutch  G  is  operated  by  lever  F, 

An  automatic  stop  is  provided  to  release  the  feed  at  any  point  when 
running  in  either  direction.  The  auxiliary  lever  0  allows  the  feed  to 
be  released  by  hand.  The  table  may  be  moved  by  hand  from  either 
end,  as  a  handle  is  provided  at  each  end  for  this  purpose.  Twelve 
changes  of  feed  may  be  obtained  by  transposing  the  feed-cone  pulleys 


L 


FjG.  262. — Section  through  saddle  of  universal  milling  machine. 

F,  G,  H,  Fig.  261,  giving  a  variation  of  feeds  from  0^005  to  o'la  in.  to 
one  revolution  of  the  spindle.     Fig.  263  is  a  longitudinal  section.  . 

Spiral  Headstocka. — When  it  is  desired  to  mill  the  grooves  in 
reamers,  taps,  twist  drills,  and  other  work  on  mandrels,  it  is  the 
practice  to  place  the  article  between  the  centres  of  two  movable 
headstocks,  which  are  provided  with  dividing  mechanism. 

There  are  many  different  kinds  of  dividing  or  spiral  headstocks,  one 
of  which  is  given  in  Fig.  264  as  furnished  with  the  "  Universal  Milling 
Machine."  The  special  features  in  this  type  are,  that  the  form  admits  of 
the  bodies  being  clamped  as  solidly  in  one  position  as  in  another  by  two 
bolts  which  are  placed  in  a  convenient  position  on  one  side,  and  also 
that  when  the  spindle  is  at  an  angle  of  90°  with  the  bed,  the  end  of  the 
spindle  is  comparatively  low,  thus  making  it  very  rigid  in  this  position. 
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'  In  doing  many  kinds  of  work,  as  in  cutting  the  flutes  in  reamers, 
end  mills,  etc.,  the  use  of  the  worm  and  worm  wheel  can  be  dispensed 
with,  and  indexing  done  by  revolving  the  spindle  by  hand.  The  motion 
is  transmitted  from  the  feed  screw  through  change  gears  to  two  spiral 
gears.  By  this  arrangement  the  spindle  can  be  automatically  rotated 
at  whatever  angle  it  may  be  set. 

Tables  are  used  with  each  machine  giving  the  change  gears  for 
cutting  68  spirals,  the  arrangement  being  similar  to  fixing  change  wheels 
on  a  lathe.  Thus  a  gear  on  the  worm  meshes  with  a  gear  on  the  socket, 
and  a  second  gear  on  the  socket  meshes  with  the  gear  on  the  screw. 

When  it  is  desired  to  rotate  the  spindle  independently  of  the  worm 
and  worm  wheel,  the  worm  A,  Fig.  265,  is  arranged  so  that  it  may  be 
thrown  out  of  gear  with  the  worm  wheel  B,  when  the  spindle  may  be 


Fig.  263. — Longitudinal  section  of  universal  milling  machine. 

turned  by  hand  and  locked  by  the  index  plate  C  and  pin  D.  An 
additional  clamp  is  provided  to  hold  the  spindle,  so  that  the  strain  will 
not  come  on  the  index  pin  and  plate. 

To  throw  the  worm  out  of  gear,  the  knob  E  is  turned  about  a 
quarter  of  a  revolution,  and  the  nut  G  will  be  released,  which  holds 
the  eccentric  bush  H.  Then  by  moving  E  and  F,  the  eccentric  bush 
H  will  be  revolved,  and  the  worm  disengaged  from  the  worm  wheel. 

The  footstock  {Fig.  264a}  has  an  adjustable  centre.  Two  taper  pins 
are  used  (one  of  which  is  shown  at  Z)  to  accurately  locate  this  centre  in 
line  with  the  headstock  centre.  When  it  is  desirable  to  set  at  an  angle 
out  of  parallel  with  the  base,  as  in  cutting  taper  reamers,  drills,  etc., 
the  centre  can  be  elevated  or  depressed  by  means  of  a  rack  and  pinion 
actuated  by  the  nut  U,     The  centre  is  firmly  held  in  position  by  the 
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nuts  W,  X,  and  Y.     There  is  an  advantage  in  this,  as  centres  which 
cannot  be  adjusted  are  apt  to  cramp  the  work  during  portions  of  its 


revolution,  with  the  result  that  even  spacing  cannot  always  be  obtained. 
Duplex  Hilling  Machine. — A  milling  machine  is  shown  in  Fig.  266, 
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having  two  spindles  carried  on  a  cross  slide  which  is  balanced  and 
arranged  to  rise  and  fall  by  power  upon  the  face  of  the  uprights.  The 
saddles  carrying  the  tools  may  be  traversed  independently  by  hand  or 
self-acting  feed,  which  is  variable,  and  which  also  may  be  reversed  in 
direction. 

As  will  be  seen,  the  machine  is  provided  with  a  broad  table  resting 
on  a  bed,  having  slides  of  large  surface  area,  and  is  obviously  intended 
for  the  heavier  classes  of  work.  The  machine  is  treble  geared,  144  in- 
long,  18  in.  broad  by  5  in.  deep.  The  cutters  are  from  z  in.  to  18  in. 
diameter,  while  the  feeds  are  from  J  in,  to  3  in,  per  minute, 


Fig.  266.— Duplex  milling  machine  (by  Muir). 

Killing  Cutters,  and  how  to  nee  them. — Milling  cutters  are  ot  two 
principal  kinds  :  (a)  solid  ;  (*)  built  up. 

Making  a  Cutter. — Solid  cutters  are  serrated  discs  of  steel  having  a 
number  of  cutting  edges  called  teeth  at  equal  distances  apart.  A 
cylindrical  disc  of  crucible  cast  steel  is  forged  and  annealed.  It  is 
afterwards  bored  and  turned  to  the  required  shape  and  dimensions. 
The  teeth  are  formed  in  a  milling  machine,  and  are  then  "relieved" 
or  backed  off  by  a  special  device  at  the  lathe,  the  cutting  tool  being 
actuated  by  an  eccentric.  (See  Fig.  267.)  The  milling  cutter  is 
hardened  and  tempered,  and   finally  ground  by  emery  wheels.      The 


Dcinz.aoy  Google 


MILLING  MACHINES.  343 

cutter  is  fixed  for  the  purpose  in  a  lathe  chuck,  and  set  practically  true, 
while  a  small  emery  wheel  is  used  to  grind  out  the  hole  to  standard  size. 
The  teeth  are  also  ground,  and  the  cutter  is  ready  for  use.    Solid  cutters 


Fig.  267. — "  Backing-off"  milling  culler,  by  Selig  Sonnenthal. 

are  made  in  all  sizes  up  to  6  in.  diameter.  Above  6  in.  diameter,  "  built 
up  "  cutters  are  used. 

A  core  of  cast  iron  or  mild  steel  is  bored,  turned,  and  grooved,  and 
the  teeth  are  inserted.  These 
cutters  are  hardened  and  tempered 
separately,  but  are  usually  ground 
to  truth  after  all  have  been  as- 
sembled. 

The  term  "formed"  cutters 
applies  to  the  cutters  with  teeth  so 
relieved  that  they  can  be  sharpened 
by  grinding  without  changing  their 
form,  while  "form  cutter"  can  be 
applied  to  any  cutter  cutting  a 
"  form,"  regardless  of  the  manner 
in  which  the  teeth  may  be  relieved. 
Figs.  368,  269,  370,  270A,  270B  are 

"formed   cutters,"  while  Fig.  271  Fig.  268. —"  Formed  "  cutter, 

represents  a  "form"  cutter.     The 

advantage  of  a  "  formed  "  cutter  is  that  it  may  be  re-sharpened  so  long 
as  the  teeth  will  stand,  without  the  original  shape  of  its  cutting  edges 
being  disturbed.     An  example  of  this  is  given. 
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Fig.  272  represents  a  gear  cutter  when  new.  Fig.  273  shows  the 
same  cutter  after  cutting  467  cast-iron  wheels,  each  having  64  teeth  3  in. 
on  the  face.  This  represents  29,888  teeth,  or  a  total  length  cut  of  7,472 
feet.  The  teeth  of  the  gears  were  cut  from  solid 
blanks  and  finished  in  one  cut.  This  also  illustrates 
the  advantage  gained  by  keeping  the  cutters  sharp. 
(Figs.  274A,  274B). 

A  plain  slab  milling  cutter  is  given  in  Fig.  274 
having  spiral  teeth :  this  enables  each  tooth  to  com- 
mence cutting  gradually ;  there  being  several  teeth 
operating  at  a  given  instant  tends  to  reduce  the 
vibration  between  the  cutter  and  the  work. 

Another  cutter  of  the  spiral  form  is  seen  in  Fig. 
275,  which  is  made  solid  to  fit  the 
Fic.  269.—"  Formed  "  cutler.  main  spindle  of  the  machine.  This 

"  end  mill "  is  used  both  as  a  sur- 
facing tool  and  a  facing  tool. 

Work  may  be  placed  on  the 


Fig.  270.— "Formed  "cutter.  Fro.  27b.\.—"  Formed  "  culler. 


Fig.  270H.— "  Formed  "  culler.  Fig.  271 


machine  table  and  milled  at  different  facings  with  the  above  type  ot 
cutter,  which  could  not  be  treated  by  a  "  mill "  carried  by  an  arbor. 
There  are  three  kinds  of  teeth  (a),  {!>),  and  {c),  for  milling  on  cast  iron, 
wrought  iron,  or  mild  steel,  and  brass  respectively  (Fig.  274). 

Figs.  276,  277  give  in  outline  a  tap  and  reamer  as  cut  by  milling 
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Fig.  273. — Gear  cutter  wotn  01 


wm-iiitMifl^ 


Fig.  274.— Plain  slab  milling  cutler.  Fig.  275.— End  mill. 
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cutters.    Figs.  278,  279  are  metal  slitting  saws,  one  of  which  is  shown  at 
work  in  Fig,  280. 

Diameter  of  Mills. — It  is  well  to  have  mills  or  cutters  as  small  in 


Fio.  2;6.— Fluting  a  tap. 


Fio.  278.— Melal  sliding 


Fig.  279. — Metal  slitting  u 


diameter  as  the  work  or  their  strength  will 
admit.    The  reason  is  shown  in  Fig.  z8r. 

Suppose  the  piece  IDCJE  is  to  be  cut 
from  IJ  to  DE.  If-the  large  mill  A  is  used 
it  will  strike  the  piece  first  at  I  when  its 
centre  is  at  K,  and  will  finish  its  cut  when 
its  centre  is  at  M.  The  line  G  shows  how 
far  the  mill  must  travel  lo  cut  ofi"  the  stock 
IJDE.  If  the  small  mill  B  is  used,  how- 
ever, it  travels  only  the  length  of  the  line  H. 
It  can  also  be  seen  that  a  tooth  of  B  travels 
through  a  shorter  distance  between  the  lines 
DE  and  IJ  than  a  tooth  of  A.  This  is  true 
of  all  ordinary  work,  or  where  the  depth  of 
cut  ID  is  not  more  than  half  the  diameter  of 
the  small  mill.  In  short,  small  mills  do  more 
and  belter  work,  cut  more  easily,  keep  sharp 
longer,  and  cost  less  than  large  mills. 
A  mill  is  not  necessarily  too  soft  because  it  can  be  scratched  with  a 
file,  for  sometimes  when  cutters  are  too  hard  or  brittle,  and  trouble  is 


Fin.  aSo.— Metal  slitting  sr 
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caused  by  pieces  breaking  out  of  the  teeth,  they  can  be  made  to  stand 
well  and  do  good  work  by  starting  the  temper. 

Of  late  years  mills  have  been  made  with  coarser  teeth  than  formerly, 
the  advantages  being  more  room  for  the  chips,  and  less  friction  between 
the  teeth  and  the  work.  When  the  teeth  are  so  fine  that  the  mill  drags 
or  the  stock  is  powdered,  the  mill  heats  quickly,  and  does  not  cut  freely. 
The  friction  may  also  be  reduced,  especially  in  large  mills  taking  heavy 


-H-~^ 


\ 


/  /' 


Fio.  281. — Correct  diameter  of  milling  cultet. 

cuts,  by  nicking  or  cutting  away  parts  of  the  teeth,  which  break  up  the 
chips  and  allow  heavier  feeds  and  cuts  to  be  taken. 

Mr.  Geoi^e  Addy,  of  Sheffield,  an   authority  on   milling  cutters, 
estimates  the  pitch  of  teeth  of  cutters  from  4  in.  to  15  in.  diameter  by 

the  following  rule  : 

Pitch  in  inches  =  v' (diameter  in  inches  X  8)  X  ©"ofiag 

With  reference  to  the  cutting  angle,  the  same  gentleman  states  :  "  The 
adoption  of  the  most  suitable  cutting  angle  should  receive  the  same  close 
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attention  that  is  now  universally  bestowed  upon  the  ordinary  tools  for 
turning  and  planing." 

As  a  result  of  considerable  research  and  experience,  Mr.  Addy  gives 
as  his  opinion  that  the  front  of  the  teeth,  instead  of  being  truly  radial, 
should  have  a  backward  inclination  of  io°  from  the  radius,  the  cutting 
Angle  being  in  this  way  70°  and  the  clearance  10°. 

Messrs.  Brown  &  Sharpe  state  the  relief  to  be  about  3°,  and  the 


Fio.  382.— Straddle  mills. 


Fig.  283.— Milling  nut  and  bolt, 


" land,"  i.e.  metal,  at  the  top  of  the  teeth  from  o*oa  in.  to  004  in.  wide 
before  the  clearance  is  cut  or  ground.  Mills  to  cut  grooves  should  be 
hollowing  about  yfij  in.  for  clearance ;  that  is,  a  grooving  mill  (Fig.  280) 
should  be  about  ^  ia  thinner  at  i  in.  from  its  edge  or  circumference 
than  it  is  at  its  edge.  Grooving  mills  are  given  a  limit  of  y^oo  '"■ 
thickness. 


Fig.  284. —Milling  nut  and  boll. 


Fig.  285. —Milling  cutters  interlocked. 


"  Twin  "  or  "  straddle  mills,"  cutting  a  bolt  head  or  nut,  are  shown  in 
Fig.  282.  When  these  mills  are  not  to  hand,  the  work  can  be  done  by 
a  milling  cutter,  as  in  Fig.  283,  or  by  an  end  mill  {Fig.  284).  In  either 
case  when  nuts  are  milled  they  are  usually  strung  on  a  mandrel. 

Two  mills  can  be  put  together  as  in  Fig.  285  with  the  teeth  inter- 
locked and  used  in  cutting  slots ;  the  advantage  of  this  arrangement  is 
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that  the  mills  can  be  blocked  apart  to  keep  the  width  of  the  cut  always 
the  same.     {See  Fig,  300.) 

The  end  mill  can  also  be  used  in  cutting  slots  as  in  Fig.  386,  the 
width  of  the  slot  being  the  same  as  the  diameter  of  the  mill.  In  this 
case  it  is  better  to  feed  the 
work  back  and  forth  than  to 
drill  holes  at  A  and  B. 

For  many  kinds  of  work 
the  fixture  (Fig.  287)  is  con- 
venient. It  consists  of  a 
square  piece  of  cast  iron, 
several  inches  in  length, 
bored  to  receive  a  shaft  or 
spindle  to  be  split  at  one 
end  or  both  ends  as  shown, 
or  to  have  a  series  of  holes 
or  flat  places  made  at  right 
angles  with  or  directly  oppo- 
site to  each  other.  The  slot 
runs  the  entire  length  of  the 
casting,  and  a  small  screw  is 
inserted  at  S  to  hold  the  work  and  prevent  it  from  turning  while  in  the 
shell.  This  appliance  is  held  in  the  vice,  but  after  each  cut  is  taken  the 
sleeve  is  given  a  quarter  of  a  turn,  and  thus  each  of  the  four  sides  of 
the  bolt  head  or  other  work  is  broi^ht  to  the  mill. 


Fig.  386.— Milling  slots. 


Fig.  1S7.— Milling  fixture. 

Fig.  28;a  is  a  tee-slot  cutter. 

A  method  of  milling  a  surface  and  squaring  one  side  of  a  projection 
on  the  surface  is  shown  in  Fig.  z88.  To  save  time  in  setting  and  to 
securely  hold  the  work  special  vice  jaws  are  used. 

Fig.  3S9  illustrates  the  use  of  formed  cutters  in  milling  rack  teeth. 
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1  three  parts,  and  each  part  cuts  six  teeth  in 


The  cutter  shown  is  made  ii 
the  rack. 

When  a  few  pieces  are  to  have  round  ends  they  may  be  milled  as  in 
Fig.  290,  the  piece  R  being  rotated  about  S  against  the  mill  C 


Fig.  287 a.— Tee-slot  cutter. 


Milling  lack  teeth. 


Fig.  290. — Rounding  ends  of  wotk. 

Fig.  391  shows  the  milling  of  two  sides  of  a  slot.  A  neat  arrange- 
ment for  holding  and  milling  the  keyways  in  two  shafts  is  illustrated  in 
Fig.  292. 
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Fig,  291. — Milling  Iwa  sides  or  1  slot. 
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Fig.  292. — Milling  the  keyways  in  two  shafts. 
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The  above  illustrations  serve  to  show  some  of  the  uses  to  which 
cutters  may  be  put ;  there  are,  however,  special  Torms  of  milb  arranged 
very  frequently  in  groups,  or,  as  they  are  better  known,  in  gangs,  by  the 
aid  of  which  a  piece  of  work  can  be  milled  in  one  instead  of  several 
successive  operations. 

Fig.  293  represents  a  large  mill  with  its  teeth  notched  at  intervals,  in 
order  to  break  up  the  metal  as  it  is 
being  cut,  and  to  reduce  the  friction 
on  the  culter.  The  mills  at  each  end 
face  the  casting  at  the  same  time. 
The  piece  of  work  is  the  knee  of  a 
milling  machine. 

The   machine  at  work   is   shown 

„  1-  ..      ■  1.     ,  L  J.     L     with  cutters  in  operation  in  Fig.  294, 

Fig.  293.— Culter  wilh  notched  teeth.  ,         ,         j    ■  f  %  _iu 

and  enlarged  in  Fig.  295.  Further 
gang  mills  are  represented  in  section  in  Figs.  396,  297,  and  298, 
which  show  the  tooling  of  other  portions  of  the  machine  parts. 

There  is  a  difference  of  opinion  as  to  whether  the  work  should  be 


Fig.  294. — Large  mill  with  notched  teeth  operating. 

moved  towards  the  cutter  or  with  it.  It  is  best  for  the  work  to  move ' 
against  the  mill  (see  Fig.  299).  When  it  moves  in  this  way  the  teeth 
of  the  cutter  in  commencing  their  work,  as  soon  as  the  hard  scale  is 
once  broken,  are  immediately  brought  in  contact  with  the  softer  material. 


Dcinz.aoy  Google 


MILLING  MACHINES.  353 

and  when  the  scale  is  reached  it  is  pried  or  broken  off.  Also  when  a 
piece  moves  in  this  way  the  cutter  cannot  dig  into  the  worlc,  as  it  is 
liable  to  do  when  the  bed  is  moved  in  the  same  direction  as  the  cutter. 

When  a  piece  is  on  the  side  of  the  cutter  that  is  tnoving  downwards, 
the  piece  should,  as  a  rule,  have  a  rigid  support,  and  be  fed  by  raising 
the  knee  of  the  machine. 


F[G.  295. — Milling  face  and  sides  at  one  cul. 

Some  work,  however,  is  better  milled  by  moving  the  cutter.  For 
example,  to  dress  both  sides  of  a  thick  piece,  D,  with  a  pair  of  large 
straddle  mills,  it  might  be  well  to  move  the  piece  towards  the  left,  as 
the  mills  then  tend  to  lieep  it  down  in  place  instead  of  lifting  it. 


Figs.  196,  297. — Straddle  and  gang  mills  in  scclion. 

Again,  in  milling  deep  slots  or  in  cutting  off  stock  with  a  thin  cutter 
■  or  saw  it  may  be  better  to  move  the  work  with  the  cutter,  as  the  cutter 
is  then  less  likely  to  crowd  sidewise  and  make  a  crooked  slot. 

When  the  work  is  moving  with  the  cutter,  the  table  grip-screws  must 
be  set  up  rather  hard,  for  if  the  work  moves  too  easily  the  cutter  may 
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catch,  and  the  cutter  or  work  be  injured.     A  counter  weight  to  hold 

back  the  table  is  excellent  in  such  milling. 

For  the  purpose  of  making  a  comparative  test  of  the  two  methods, 
Messrs.  B.  &  S.  made  the 
following  four  experiments  on 
their  No.  5  machine.  This 
machine  had  been  provided 
with  a  take-up  attachment  for 
backlash  of  the  table,  two 
cutters  of  the  same  diameter 
and  width  were  used,  and  suit- 
able castings  were  provided, 
each  being  3  in.  square,  and 
3  ft.  long  (pickled). 

First  experiment  with  No.  t 
cutter  was  with  the  cut  cutting 
down  on  scale  and  feeding  6  in. 
per  minute.  Cutting  one  sur- 
face 3  ft.  long,  the  cutter  was 
found  to  be  dull. 


— Siraddle  and  gang  mills 


Second  experiment  with  No.  2  cutter  was  against  the  cut.     Cutting 
under  the  scale  and  feeding  6  in.  per  minute,  eight  castings  3  ft.  long 


were  milled  before  the  cutter  had  shown  the  wear  of  Na  i.     In  order 
to  prove  the  tempering  of  the  cutters  both  were  reground. 

Third  experiment  was  with  No.  i  cutter  working  in  same  manner  as 
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No.  2  cutter  had  been,  viz.  against  the  cut,  cutting  under  the  scale,  and 
feeding  6  in.  per  minute.  Eleven  castings  3  ft.  long  were  milled  before 
the  cutter  had  shown  the  wear  of  No.  a. 


Fig.  300. — Flntinga  reamer.  Kig.  301.— Milling  cullers]  inltrlocked. 

Fourth  was  with  No.  2  cutter  working  in  the  same  manner  as  No.  r 
as  described  in  first  experiment.     This  cutter  failed  on  first  cut. 
Fig.  300  is  a  mill  for  a  four-flute  reamer  of  the  twisted  pattern. 


Fig,  302. — Milling  motor  pinions. 

Duplex  cutting  with  twin  mills  (Fig.  301)  is  an  every  day  practice  on 
repetitious  work,  and  plainly  shows  the  advantages  of  milling  machines 
for  both  accuracy  and  interchangeability. 

Fig.  302  represents  the  milling  of  two  steel  motor  pinions. 
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In  Fig.  303  straddle  mills  are  ei^aged  in  cutting  (from  the  solid 
metal)  two  slots  in  a  machine  table.  Originally  machine'  tables  were 
cast  with  slots,  but  these  were  often  difficult  to  clean  out  and  expensive 
to  plane,  owing  to  irregularities  on  both  sides  and  root,  especially  in  long 
tables,  which  were  more  or  less  warped  in  their  length.  An  advantage 
of  "cut  out"  slots  is  that  a  bolt  head  filling  one  slot  comfortably  may 
be  easily  slid  into  every  other  slot,  and  will  stand  vertically  wherever  it 
is  located. 

The  plain  milling  machine  which  is  represented  in  Fig.  304  is  teithoui 


Fig.  303. — Straddle  miJls  it  work. 

the  aid  of  an  arm  brace,  engaged  by  means  of  straddle  mills  in  surfacing 
the  two  similar  "  ways "  of  a  machine-bed  on  which  the  table  will  slide. 
This  clearly  shows  the  stiffness  and  accurate  fitting  of  the  important 
moving  parts  of  the  machine. 

It  will  be  observed  that  the  overhanging  arm  is  extended  to  a  con- 
siderable distance  from  its  point  of  support  in  order  to  carry  the  long 
spindle  and  mills  upon  it.  Any  vibration  in  the  bearings  would  be 
reproduced  upon  the  mills,  and  surfaces  cut. 


Dcinz.aoy  Google 


MILLING  MACHINES.  357 

To  guard  against  vibration, arm  braces  are  rigged  up  as  in  Figs.  30a, 
303,  to  support  both  the  overhanging  arm  and  the  end  of  the  cutter 
mandrel.  Acting  as  a  further  support,  a  sliding  bracket  is  sometimes 
used  which  is  hinged  on  the  overhanging  arm,  and  at  its  opposite  end 
provided  with  a  bush  which  fits  the  cutter  mandrel.  This  arrangement 
assures  stability,  and  is  also  well  illustrated  in  Figs.  301  and  303. 

A  machine  slide,  secured  in  a  powerful  manner  by  clips,  bolts,  and 
stops,  to  the  milling  machine  table,  is  shown  in  Fig.  305.  Here  five 
separate  cutters  are  assembled  on  the  mandrel,  all  milling  at  once. 


Fig.  304.—  Plain  milliog  machine  surfacing  machine  bed. 

It  will  be  noticed  that  the  three  largest  mills  could  have  been  made 
all  of  one  piece,  but  this  is  not  advisable,  for  the  following  reasons  : — 
I.  Narrow  cutters  are  the  cheapest  to  produce. 
3.  They  are  easier  renewed  or  sharpened. 

3.  The  spiral  form  of  tooth  can  be  put  in  any  order,  which  is  an 
advantage,  causing  a  proportionally  less  stress. 

4.  A  narrow  cutter  can  be  more  frequently  used  than  a  wide  one. 

Since,  in  the  above  example  of  gang  cutting  the  transverse  slide  pre- 
vents the  arm  brace  being  secured  to  the  machine  bed,  it  will  be  seen 
tfiat  studs  are  used  instead;  the  brace  is  provided  with  suitable  slots  for 
the  purpose  of  attachment. 
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It  would  need  much  more  space  than  can  be  given  here  to  give  a 
full  description  of  milling  machines,  and  the  many  uses  to  which  the 
various  cutters  can  be  put.  Every  firm  which  makes  a  speciality  is 
almost  certain  to  require  a  special  form  of  milling  cutter  adapted  to  ils 
particular  requirements.     These  cutters  may  be  made  to  specification, 


Fig.  305. — Gang  cutten  milling  a  slide. 

or,  as  is  generally  the  case  in  large  works,  made  on  the  firm's  premises 
by  expert  tool  makers. 

Reference  may  be  made  to  Fig.  306,  which  represents  milling  between 
the  arms  of  a  wheel  in  order  to  balance  it     Another  machine  tool  could 


Fig.  306.— Milling  belween  the  arms  of  a  wheel. 


do  this  work,  but  the  finish  would  be  poor  in  comparison,  while  the  cost 
would  be  very  much  higher. 

Fig.  307  shows  a  cylinder  being  bored  and  faced  internally  with  one 
milling  cutter. 

An  angular  shank  mill  similar  to  an  end  mill  is  represented  in 
Fig.  308  for  cutting  out  a  keyway  widest  at  the  bottom.     Such  keyways 
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are  frequently  used,  for  instance,  where  change  gears  are  to  be  kept 
from  slipping  by  a  key.  If  made  by  a  single  cut,  and  the  mill  be  a 
delicate  one,  it  is  preferable  to  feed  by  hand,  as  the  resistance  and  pro- 
gress can  easily  be  felt,  and  the  liability  to  break  the  tool  obviated. 

Milling  Jigs. — Milling  jigs  are  of  two  kinds:  those  in  which  the 
work  is  secured  by  its  outer  edges  and  sides,  and  those  to  which  the 
work  to  be  milled  is  bolted. 

In  the  former  class  the  jig  is  a  counterpart  of  the  piece  to  be  milled, 
A  plaster  cast  is  first  obtained  from  the  pattern,  and  from  this  a  cradle 
is  made,  into  which  any  casting  from  the  original  pattern  will  rest  while 
milling.  Articles  are  thus  easily  secured  and  removed ;  both  these  are 
important  features  in  repetitionary  works.  Cradles  are  best  adapted  to 
vertical  machines,  especially  where  angular  surfaces  have  to  be  milled. 

A  cradle,  D,  is  shown  in  section  in^Fig.  309,  having  a  saddle  with  a 
projecting  portion,  E,  comfortably  housed  in  D.  The  gripping  is  done 
by  the  set-screws,  which,  owing  to  their  angular  position,  force  the  casting 
hard  down  into  its  seating.  Holts,  cUps,  and  adjusting  are  not  necessary 
when  a  cradle  of  this  type  is  used.  There  is  also  less  strain,  and  there- 
fore less  springing  back  after  the  machining  has  been  performed. 


Fig.  307.— Boring  and  facing  cylinder.  FiG.  308.— Milling  angular  kejway. 

The  vertical  cutter  is  made  wide  enough  to  cut  the  surfaces  AA  and 
BB  at  one  traverse  of  the  table,  while  the  surfaces  CC  can  be  milled 
with  a  kiige  cutter  with  inserted  teeth.  The  ends  of  the  casting  project 
from  the  cradle  so  as  to  permit  their  surfaces  being  tooled  over.  This 
leaves  the  remaining  two  sides  and  under  surface  for  the  next  operation, 
when  the  casting  is  removed  from  the  cradle. 

Use  of  Uillin^  Machinee.  Kzamples  of  OperationB.— Oil  is  used 
in  millii^  to  obtain  smoother  work,  to  make  the  mills  last  longer,  and 
where  the  nature  of  the  work  requires  it,  to  wash  the  chips  from  the  work 
or  from  the  teeth  of  the  cutters.  It  is  generally  used  in  milling  a  large 
number  of  pieces  of  steel,  wrought  iron,  malleable  iron,  or  tough  bronze. 
When  only  a  few  pieces  are  to  be  milled  it  frequently  is  not  used,  and 
some  steel  castings  are  milled  without  oil ;  also  in  cutting  cast  iron  it  is 
not  used.  For  light  flat  cuts  it  is  put  on  the  cutter  with  a  brush, 
giving  the  work  a  thin  covering  like  a  varnish  ;  for  heavy  cuts  it  should 
be  led  to  the  mill  from  the  drip-can,  or  it  should  be  pumped  upon  or 
across  the  mill  in  cutting  deep  grooves,  in  milling  several  grooves  at 
one  time,  or  indeed  in  milling  any  work  where  if  the  chips  should  stick 
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they  might  catch  between  the  teeth  and  sides  of  the  grooves,  and  scratch 
or  bend  the  work. 

Lard  oil  is  generally  used  in  milling,  but  any  animal  or  fish  oils  may 
be  used.  The  oil  may  be  separated  from  the  chips  by  means  of  a 
centrifugal  separator,  so  that  a  lai^e  amount  may  be  used  with  but 
little  waste. 

An  excellent  lubricant  to  use  with  a  pump  is  made  by  mixing 
together  and  boiling  for  half-an-hour  i  lb.  sal  soda,  \  pint  lard  oil,  \  pint 
soft  soap,  and  water  enough  to  make  ten  quarts. 


Fig.  309. — Cradle  jig  for  milling. 


1  give  definite  rules  for  the  speed  and  feed  of 
milling  cutters,  and  what  is  here  said  is  only  in  the  way  of  suggestion. 
Sometimes  the  speed  must  be  reduced,  and  yet  the  feed  need  not  be 
changed.  The  judgment  of  the  foreman  or  man  in  charge  of  the 
machine  should  determine  what  is  best  in  each  instance. 

Avera^  Speed.— 'Vht  average  speed  on  wrought  iron  and  annealed 
steel  is  perhaps  40  ft.  per  minute,  which  gives  about  sixty  turns  per 
minute  with  cutters  7\  in.  diameter.  The  feed  of  the  work  for  this 
surface  speed  of  the  cutter  can  be  about  li  in.  per  minute,  and  the 
cut  -^  of  an  inch  deep,  and  in  tough  brass  the  speed  may  be  80  ft,, 
the  feed  as  before,  and  the  chip  ^  of  an  inch. 

As  a  small  cutter  cuts  faster  than  a  large  one,  an  end  mill,  for 
example  \  in.  diameter,  can  be  run  about  400  revolutions  with  a  feed 
4  in.  a  minute. 

As  examples  showing  what  may  regularly  be  done  under  suitable 
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conditions,  we  may  mention  that  cutters  ai^  in.  in  diameter  used  in 
cutting  annealed  cast  iron  may  be  run  at  mote  than  aoo  turns,  or  at  a 
surface  speed  of  more  than  115  ft.,  while  the  work  is  fed  more  than 
8  in.  a  minute,  the  cuts  are  light,  not  more  than  ^  of  an  inch  deep,  and 
the  work  is  short,  from  J  in.  to  i  in.  long. 

Two  side  mills  5  in.  diameter,  running  50  turns  a  minute,  dress  both 
edges  of  cast  iron  bars  f  in.  thick  with  a  feed  of  more  than  4  in.  per 
minute. 

Mr.  Geoi^e  Addy,  of  Waverly  works,  Sheffield,  gives  as  safe  speeds 
for  cutters  of  6  in.  diameter  and  upwards — 

Steel  36  ft  per  minute  with  a  feed  of  \\  in.  per  minute. 

Wrought  iron     48  „  „  „         i         „  „ 

Cast  iron  60  „  „  „         i|        „  ,. 

Brass  120  „  „  „        r|       „ 

And  he  gives  as  a  simple  rule  for  obtaining  the  speed :  "  Number 
of  revolutions  which  the  cutter  spindle  should  make  when  working  on 
cast  iron  equals  240  divided  by  the  diameter  of  cutter  in  inches." 

Slotting  cutters  may  often  be  run  at  a  higher  speed  than  other 
cutters  of  the  same  diameter,  but  with  a  wider  face. 

Angular  cutters  must  in  some  instances  be  used  with  a 
fine  feed  to  prevent  breaking  the  points  of  the  teeth  (Figs. 
310,  310A). 

Messrs.  Brown  &  Sharpe  suggest  a  table  of  speeds 
for  their  machines,  but  not  to  be  considered  as  an  absolute 
guide,  at  the  same  time  stating  that  the  judgment  of  the 
foreman  must  determine  what  is  best  in  each  instance. 

In  considering  the  table  it  must  be  borne  in  mind  that 
rapid  progress  is  being  made  in  milling,  and  that  all  figures  fig.  310. 
are  submitted  with  the  certainty  that  improvements  in 
machines,  cutters,  and  fixtures  will  soon  render  them  obsolete.  Air- 
hardening  steel  cutters,  now  largely  used,  can  be  speeded  and  fed  much 
more  rapidly  than  those  above  referred  to.  An  ordinary  limit  is  5^ 
of  an  inch.  This  is  allowable  for  bolt  heads,  nuts,  and  the  squares 
at  the  ends  of  shafts  where  crank  or  hand  wheels  are  used ;  also  for 
some  kinds  of  gibs,  and  many  parts  that  are  milled  for  a  finish. 

In  most  sewing-machine  pieces,  electrical  and  scientific  instruments, 
typewriters,  and  fine  machinery  the  limit  is  j^.  Thus  a  slot  that  is 
called  \  in.  wide  may  be  any  size  between  \  m.  and  ^^  of  an  inch 
(o'5oo  in,  to  o'502  in.) ;  while,  the  tongue,  or  piece  that  goes  into  the 
j-in.  slot,  may  be  of  any  size  between  -^^  less  than  \  in.  and  ^  in. 
(o"498  to  o"5oo).  On  many  pieces,  for  instance  usually  on  those  mdled 
for  a  finish,  the  limit  may  be  either  above  or  below  the  standard  size. 

Some  work  should  be  milled  as  close  as  possible  to  exact  size ;  and 
when  close  fits  are  required  it  is  often  cheaper  and  better  to  do  the 
fitting  by  the  milling  machine  than  by  filing  or  other  handwork. 

The  most  accurate  results  in  milling  to  a  given  thickness  or  size  are 
ordinarily  obtained  by  straddle  mills  or  side-milling  cutters ;  for  when 
only  one  side  is  milled  at  a  time,  and  the  piece  has  to  be  changed  from 
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side  to  side  it  is  hardly  practicable  to  work  to  a  smaller  limit  than 
j^  inch.  Side  milling  frequently  requires  more  attention  to  keep  the 
work  smooth  than  ordinary  surface  milling ;  but  very  accurate  milling 
may  be  done  and  excellent  surfaces  obtained  by  end  mills  running 
at  high  speeds. 

Castings  that  are  to  be  milled  should  be  free  from  sand,  they  should 


be  well  pickled,  and  m  some  cases  it  is  an  advanUge  to  have  them 
rattled  after  being  pickled  Where  they  are  small  and  are  to  be  finished 
rapidly,  it  IS  also  well  to  have  them  annealed 

Forgiiigs  should  be  free  from  scale     They  can  be  pickled  in  ten 
minutes  in  one  part  sulphuric  acid,  and  twenty  five  parts  boiling  water, 
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and  if  then  rinsed  in  boilii^  water  they  will  dry  before  becoming 
rasty. 

A^jaBtment  of  Cutterg.— Collars  are  used  to  adjust  the  cutters  in 
position  on  the  cutter  mandrel,  and  should  be  made  of  steel.  Lead 
hammers  are  frequently  used  in  fixing  and  releasing  milling  cutters. 
In  practice  this  is  established,  that  finished  work  must  be  struck  only 
when  absolutely  necessary,  and  then  either  hard  wood  blocks  or  lead, 
or  copper  hammers  are  used,  but  in  forcing  hardened  hushes  or 
cutters  the  blows  must  be  light  because  of  the  danger  to  fracture. 

Cutting  off  stock  can  be  conveniently  done  in  a  milling  machine 
with  a  slitting  saw,  but  better  still  by  a  broad-gauged  toothed  circular 
saw,  I  a  in.  diameter.  In  the  use  of  the  latter  there  is  no  danger  of  the 
saw  teeth  becoming  choked  and  galled  by  cuttings.  It  is  necessary  to 
secure  the  saw  to  the  spindle  flange  in  addition  to  keying  it,  owing  to 
the  strain  set  up  in  cutting.  A  further  strength  is  given  by  screwing  a 
flange  to  the  saw,  thereby  increasing  the  length  of  the  driving  key. 

Hand-feed  Uilling  Uachines. — For  some  classes  of  work  milling 
machines  constructed  with  "hand  feed"  are  found  more  suitable  than 
those  having  power  feed  to  the  table.  Types  of  these  machines  are 
given  in  A,  B,and  C,  Fig.  311,  by  the  Anglo-American  Machine  Tool  Co. 
The  machines  are  made  with  the  feed  of  the  table  arranged  in  two 
methods ;  one  with  a  screw-and-crank  handle  at  the  end  of  the  table,  while 
the  other  has  the  table  fed  by  a  pinion  and  rack,  moved  by  a  hand  lever. 

Designed  for  Light  Work-^-'V^^  ordinary  milling  machine,  with  the 
table  overhanging  from  the  front  of  the  frame  and  held  to  it  by  sliding 
surfaces,  is  not  adapted  to  suit  all  the  work  a  horizontal  milling  machine 
is  capable  of  performing.  In  this  type  all  the  light  milling  can  be 
satisfactorily  done  without  much  vibration. 

Use  of  Arm  Braces. — The  "  arm  braces  "  are  very  useful  to  connect 
the  table  with  the  overhanging  arm,  and  certainly  give  an  increased 
support  to  the  cutter  mandrel,  but  when  heavy  work  is  fixed  on  the 
machine  table,  and  several  cutters  are  operating  at  the  same  time,  it  is 
often  difficult  to  maintain  a  proper  feed  and  speed  without  causing  a 
visible  vibration  or  "  chatter  marks," 

Tabk  supported  on  Rigid  Box  Casting. — There  can  be  no  doubt  as 
to  the  increased  rigidity  of  a  machine  in  which  the  table  is  fixed  on 
a  box  casting  which  has  a  large  base  extending  to  the  floor. 

Vertical  Milling*  Uaohine. — The  vertical  milling  machine  shown  in 
Fig.  312  is  capable  of  a  variety  of  operations.     (A.  Herbert,  Coventry.) 

Surfacing,  i.e.  plain  milling  on  flat  surfaces  or  on  the  sides  or  edges 
of  an  object  by  means  of  the  longitudinal  or  transverse  feeds. 

Circular  work,  by  means  of  the  rotating  table. 

Profiling^  i.e.  irregularly  shaped  forgings  or  castings  may  be  machined 
true  00  their  exterior  by  means  of  a  controlling  object  used  as  a  pattern. 
For  example,  cams  may  be  conveniently  machined  to  proper  shape 
or  dimension  and  correct  in  appearance  to  the  templet  cam  which  is 
fixed  on  the  machine  table  as  a  guide. 

Recessing,  undercutting,  or  milling  out  tee  slots,  also  for  dealing  with 
work  having  a  number  of  facings  on  different  levels. 
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When  high  speeds  are  required  for  light  milling,  and  where  a  smooth 
drive  is  important  for  small  cutters  the  drive  is  directly  by  belt  The 
gearii^,  which  is  mounted  directly  upon  the  spindle,  is  used  for  heavy 
work. 

Two  Tables,  each  of  which  is  provided  with  automatic  feeds  and 
stops,  are  used  interchangeably.  The  circular  table,  used  for  rotary 
work,  is  made  with  a  tray  on  its  rim  to  catch  the  cuttings  and  lubricant. 
When  long  objects  are  to  be  milled  the  rectangular  tabk  is  used,  or 
it  is  useful  for  setting  a  gang  of  objects  in  line  when  doing  repetition 
work. 

A  further  advantage  is  that  one  piece  can.  be  set  while  another 
piece  is  being  milled, 
thus  saving  the  greater 
part  of  the  time  re- 
quired for  setting. 
The  spindle  head  is 
balanced,  can  be  raised 
and  lowered  by  a  hand 
wheel  which  gives 
motion  to  a  worm 
and  wheel  and  a  rack 
and  pinion.  Vertical 
measurements  are  ob- 
tained by  means  of  a 
graduated  disc  and  a 
dead  stop. 

This  machine  has 
twelve  speeds,  varying 
in  geometrical  progres-  ■' 
sion  from  ly^  to  333  - 
turns  per  minute.  The 
feeds  are  sixteen  in 
number,  varying  from 
0-334  up  to  8-s  in.  per 
minute.  All  the  gear 
wheels  are  enclosed, 
and    the    adjustments 

are  made  with  handles,  

without     the     use     of  Fio.  3I2.-V«l,c«l  m.llmg  machine. 

spanners. 

Accurate  Milling.— In  milling  work  which  has  to  be  accurate  to 
dimensions,  dead  stops  are  used.  By  this  arrangement  the  automatic 
feed  is  used  as  in  ordinary  practice,  then  the  final  cutting  is  effected 
by  hand  for  a  short  distance  after  the  automatic  stop  is  released. 

Slab  Milling  Machine. — Slab  milling,  or  plainsurface  milling,  is 
now  extended  to  the  longest  surface  in  both  engine  and  machine 
construction. 

F'g-  313  represents  a  slab  millii^  machine  designed  for  any  heavy 
work  having  long  surfaces,  such  as  the  coupling  and  connecting  rods 
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for  locomotives,  slide  bars,  etc.,  while  in  the  machine-building  trades 
these  machines  do  much  of  the  work  which  was  formerly  planed. 
The  machine,  bed,  table,  standards,  and  cross  sUde  are  veiy  similar 
in  appearance  to  a  planing  machine. 

Referring  to  Fig.  313,  it  will  be  seen  that  the  cutter  spindle  is  carried 
by  two  adjustable  bearings,  which  will  open  out  to  receive  a  cutter  up 
to  24  in.  wide,  or  a  gang  of  cutters  to  the  same  width.  The  cross 
slide  is  made  with  an  inclination  so  that  the  periphery  of  the  cutters 
will  just  allow  the  surface  of  the  work  to  comfortably  clear  the  cross 
rail.  This  being  so,  a  cutter  of  much  smaller  dimension  is  available 
than  would  be  the  case  were  the  faces  of  the  cross  slide  vertical. 

To  obtain  a  uniformly  smooth  surface  on  the  work,  spiral-cut  gearing 
is  employed  to  drive  the  table,  while  all  other  gears  are  machine  cut. 
The  feed,  which  is  variable,  ranges  from  ~  in.  to  10  in.  per  minute. 
Provision  is  also  made  for  pumping  a  copious  supply  of  oil  or  soapy 
water  upon  the  mills,  which  keeps  the  cutting  edges  cool,  and  also 
prevents  the  cuttings  from  clogging  the  teeth.  The  lubricant  Is  drained 
into  a  tank,  and  used  again. 

A  somewhat  recent  development  is  the  screw  milling  machine.  This 
applies  the  principle  of  the  milling  cutter  to  the  formation  of  screw 
threads,  and  will  cut  screws  of  any  section  from  \  in.  to  15  in.  diameter, 
and  a  pitch  of  from  a  to  10  threads  per  inch.  The  headstock  carrying 
the  cutter  is  situated  at  the  right-hand  end  of  the  bed.  The  spindle  and 
bearings  are  of  hardened  steel,  and  the  machine  is  driven  through  a 
train  of  gears.  The  headstock  may  be  moved  vertically  and  trans- 
versely, and  the  spindle  may  be  swung  to  any  desired  angle  up  to 
25  degrees  with  the  screw  which  is  being  milled^ either  right  or  left 
hand  to  suit  the  different  dies  and  pitches  being  cut. 

An  index  is  provided  by  which  the  spindle  may  he  set  to  the  angle 
required,  and  a  table  is  sent  out  with  each  machine,  from  which  the 
correct  angles  may  be  ascertained. 


Fig.  314. — Example  of  milling  culler  work 
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CHAPTER  XIII. 

GEARING  AND   GEAR   CUTTERS. 

The  "  diameter,"  when  applied  to  gears,  is  always  understood  to  mean 
the  pitch  diameter. 

Diametral  pitch  of  the  gear  is  the  number  of  teeth  to  each  inch  of 
its  pitch  diameter.  If  a  gear  has  40  teedi,  and  the  pitch  diameter  is 
4  in.,  there  are  19  teeth  to  each  inch  of  the  pitch  diameter,  and  the 
diametral  pitch  is  10,  or,  in  other  words,  the  gear  is  10  diametral  pitch. 

Circular  pitch  is  the  distance  from  the  centre  of  one  tooth  to  the 
centre  of  the  next  tooth,  measured  along  the  pitch  circle.  If  the  distance 
from  the  centre  of  one  tooth  to  the  centre  of  the  next  tooth,  measured 
along  the  pitch  circle,  is  \  in.,  the  gear  is  \  in.  circular  pitch. 

The  diametral  pitch  given,  to  obtain  the  circular  pitch,  divide  .I'i4i6 
by  the  diametral  pitch.  If  the  diametral  pitch  is  4,  divide  3'r4i6  by  4, 
and  the  quotient  07854  is  the  circular  pitch. 

The  circular  pilch  given,  to  obtain  the  diametral  pitch,  divide  3'i4i6 
by  the  circular  pitch.  If  the  circular  pitch  is  a  in.,  divide  3'r4i6  by  3, 
and  the  quotient  i'^7o8  is  the  diametral  pitch. 

The  number  of  teeth  and  the  diametral  pitch  given  to  obtain  the 
pitch  diameter,  divide  the  number  of  teeth  by  the  diametral  pilcb.  If 
the  number  of  teeth  is  40  and  the  diametral  pitch  is  4,  divide  40  by  4, 
and  the  quotient  10  is  the  pitch  diameter. 

The  number  of  teeth  and  the  diametral  pitch  given,  to  obtain  the 
whole  diameter  or  size  of  blank  of  gear,  add  2  to  the  number  of  teeth, 
and  divide  by  the  diametral  pitch.  If  the  number  of  teeth  is  40,  and 
the  diametral  pitch  is  4,  add  a  to  the  40,  making  42,  and  divide  by  4 ; 
the  quotient  ro^  is  the  whole  diameter  of  the  gear  or  blank. 

The  number  of  teeth  and  the  diameter  of  the  blank  given,  to  obtain 
the  diametral  pitch,  add  2  to  the  number  of  teeth,  and  divide  by  the 
diameter  of  the  blank.  If  the  number  of  teeth  is  40,  and  the  diameter 
of  the  blank  is  10^  in.,  add  a  to  the  number  of  teeth,  maldng  42,  and 
divide  by  ro-j;  the  quotient  4  is  the  diametral  pitch. 

The  pitch  diameter  and  the  diametral  pitch  given,  to  obtain  the 
number  of  teeth,  multiply  the  pitch  diameter  by  the  diametral  pitch. 
If  the  diameter  of  the  pitch  circle  is  10  in.,  and  the  diametral  pitch 
is  4,  multiply  10  by  4,  and  the  product,  40,  will  be  the  number  of  teeth 
in  the  gear. 

The  whole  diameter  of  the  blank  and  the  diametral  pilch  given,  to 
obtain  the  number  of  teeth  in  the  gear,  multiply  the  diameter  by  the 
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diametral  pitch  and  subtract  2.  If  ttie  whole  diameter  is  io\,  and  the 
diametral  pitch  is  4,  multiply  10^  by  4,  and  the  product  43,  less  2,  or 
^o  is  the  number  of  teeth. 

The  thickness  of  a  tooth  at  the  pitch  line  is  found  by  dividing  the 
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drcular  pitch  by  a,  or  dividing  I'jy  by  the  diametral  pitch.  If  the 
circular  pitch  is  1*047  in.,  or  the  diametral  pitch  is  3,  divide  i'o47  by  2, 
or  i'57  by  3,  and  the  quotient,  0-523  in.,  is  the  thickness  of  toodi. 

The  whole  depth  of  a  tooth  is  found  by  dividing  2-157  by  the 
diametral  pitch.  If  the  diametral  pitch  of  a  gear  is  6,  die  whole  depth 
is  2157  divided  by  6,  or  0-3595. 
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The  whole  depth  of  a  tooth  is  about  fj,  or,  more  precisely,  06866  of 
the  circular  pitch.  If  the  circular  pitch  is  2,  the  whole  depth  of  tooth 
is  about  ^  of  2  in.,  or  nearly  i|  in. 

The  distance  between  the  centres  of  two  gears  is  found  by  adding 
the  number  of  teeth  together,  and  divide  half  the  sum  by  the  diametral 
pitch.  If  two  gears  have  50  and  30  teeth  respectively,  and  are  5  pitch, 
add  50  and  30,  making  80 ;  divide  by  2,  and  then  divide  this  quotient, 
40,  by  the  diametral  pitch,  5 ;  and  the  result,  8  in.  is  the  centre  distance.* 
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Fully  Automatic  Gear-Cutting  Machine. — The  entirely  automatic 

gear-cutting  machine  illustrated  in  Fig.  316  is  by  Messrs.  G.  Birch  &  Co., 
Manchester.  In  this  machine  the  mandrel  which  supports  the  work  is 
carried  by  a  hollow  spindle,  the  mouth  of  which  is  bored  conical  to  give 
additional  bearing,  also  to  ensure  perfect  contact,  which  is  so  essential 
in  all  fitting  parts,  to  keep  them  from  vibrating  when  the  cutting  tools 
are  in  operation. 

The  mandrel  is  kept  in  place  by  a  nut  at  the  back.  The  bed  of  the 
machine  is  cast  with  an  extension  at  one  end,  and  is  mounted  on  two 
standards,  the  one  at  the  right  hand  is  made  wider  to  give  support  to  the 
cutter  head. 

The  skeleton  or  webbed  leg  supports  are  giving  place  toimuch  wider 
'  Brown  and  Sharpe's  "Gearing." 
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and  stouter  forms  of  castings  called  box  legs,  which  extend  to  the  floor 
similarly  to  the  one  above;  by  this  arrangement  springiness  is  con- 
siderably reduced. 

The  driving  head  is  traversed  along  the  bed  by  a  screw  to  suit  the 
size  of  the  blank  to  be  cut. 

When  setting  the  depth  of  tooth  to  be  cut,  an  adjustable  micrometer 
reading  to  jgVo  i"-  '^  used, 

A  bracket  which  serves  as  a  stay  to  support  the  rim  of  the  blank 
against  the  pressure  of  the  cut  is  shown  at  the  front  of  the  machine,  at 
the  top  of  this  a  small  headstock  is  located  which  gives  additional 
support  to  the  extremity  of  the  mandrel.  The  bracket  will  swing  the 
entire  capacity  of  the  machine. 

The  "master"  wheel  seen  at  the  back  is  essentially  an  extremely 


Fig.  316. — Automatic  gear-cutting  machine. 

accurate  one,  as  it  gives  the  divisions  of  the  wheel  to  be  cut,  hence  its 
name  "  dividing  wheel."  The  worm  which  imparts  motion  to  this  wheel 
can  be  dropped  out  of  gear  if  required  to  allow  the  blank  to  be  rotated 
by  hand  without  throwing  the  change  wheels  out  of  gear,  thus  enabling 
the  blank  to  be  returned  to  its  correct  position. 

The  change  wheels  are  used  to  cut  gears  ranging  from  6  to  100  teeth, 
and  all  numbers  from  100  to  600,  except  the  prime  numbers  and  their 
multiples. 

liie  dividing  arrangement  which  is  automatic  is  positively  driven  by 
a  clutch,  and  the  dividing  plate  always  turns  one  complete  revolution, 
thus  avoiding  the  mistakes  by  imperfect  dividing. 

The  cutter  spindle  (which  is  vertical)  is  driven  by  spiral  gearing, 
which  is  found  to  be  specially  adapted  to  smooth  running.    Beneath  the 
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spiral  gear  wheel  an  exceedingly  long  bearing  is  provided  which  further 
adds  to  the  rigidity  of  the  cutter  spindle. 

The  lower  bearing  is  removed  whenever  a  change  of  cutters  is 
required,  a'nd  the  cutters  are  adjusted  to  the  centre  of  the  blanks  by 
means  of  screw  lock  nuts,  which  does  away  with  "packing,"  The 
cutters  are  fed  by  means  of  change  gears. 


Fig.  317.— Double  helical  steel  gears. 

Gears  of  Cast  Iron  and  Cast  Steel.— The  form  of  tooth  adopted 
generally  is  the  epicycloid  for  large  gears  having  cast  teeth,  but  for 
rolling  mill  work  and  for  punching,  shearing,  and  similar  machines, 
wheels  with  double  helical  teeth  are  largely  used  with  quite  satisfactory 
results.    They  can  be,  and  indeed  are,  used  for  all  classes  of  gearing, 
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but  some  discrimination  is  required  to  decide  in  general  work  whether 
these  or  straight  toothed  wheels  are  most  suitable. 

Some  interesting  examples  of  mild  steel  castings  having  double 
helical  teeth  are  given  in  Figs.  317  and  318. 

Fig.  317  shows  a  massive  pair  of  steel  gears  11  ft.  3  in.  and  5  ft.  9  in. 
diameter  respectively,  9  in.  pitch  and  36  in.  wide  on  face.  It  will  be 
noticed   that  the  smaller  wheel  of  ihe  pair  has  a  self-contained  boss 


Fig.  3(8.— Double  helical  steel  gears. 

connected  by  seven  webs  .or  arms  to  the  rim  making  it  a  solid  casting, 
U,  a  single  piece  of  metal.  The  larger  wheel  of  the  pair  is  one  single 
casting,  but  the  arms  and  boss  have  yet  to  be  fitted  or  "  built  up."  The 
six  dovetailed  slots  are  to  receive  the  arms,  the  curved  portions  between 
are  simply  to  reduce  the  weight  which,  although  thus  cored,  is  16^  tons. 
In  Fig.  318  the  gear  wheels  and  trunnions  are  made  in  one  piece. 
The  teeth  are  shrouded  to  the  pitch  line,  which  has  the  effect  of  con- 
siderably strengthenii^  them,  and  at  the  same  time  prevents  the  gears 
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crowding  closer  to  one  another.    Expansion  and  contraction  in  the 
shafts,  or  weak  shafts  and  fixings,  probably  affect  the  working  of  helical 


toothed  wheels  more  injuriously  than  would  be  the  case  with  straight 
toothed  wheels. 
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Where  the  conditions  are  suitable,  and  care  is  taken  to  obtain  proper 
accuracy  in  the  teeth,  heUca!  wheels  are  found  to  work  with  remarkable 
smoothness  and  quietness. 

Helical  toothed  wheels  are  generally  made  with  cast  teeth  in  this 
country.  There  are,  however,  one  or  two  Continental  firms  who 
machine-cut  these  teeth. 

Wluel  OoarB.— The  most  accurate  gear  wheels  are  machine  cut, 
the  most  accurate  cast  gears  are  machine  moulded. 

It  is  not  intended  here  to  describe  in  detail  the  operations  of  making 
machine  moulded  toothed  wheels.  The  teeth  patterns  are  cut  on 
machines  of  the  same  construction  as  those  on  which  the  wheels  are 
moulded.  This  eliminates  errors  which  might  arise  owing  to  differences 
in  the  cutting  and  moulding  machines.  The  moulding-machine  table 
carries  a  strong  circular  mouldmg  box  in  which  the  mould  for  the  wheel 
is  formed.  The  patterns  when  finished  are  transferred  to  the  moulding 
machines,  and  die  teeth  formed  in  the  mould  by  the  aid  of  a  segment. 
The  centre  part  of  the  wheel  is  built  up  by  cores. 

For  steel  wheels  provision  is  made  for  a  large  rising  head  or  feeder 
to  give  solidity  to  the  casting,  and  for  steel  wheels  the  cores  arc  all  dried. 
The  molten  steel  is  run  in  the  moulds  from  ladles  of  ordinary  con- 
struction, except  that  the  metal  flows  from  a  hole  in  the  bottom  of  the 
ladle,  getting  the  best  metal  this  way,  instead  of  over  the  side  as  with 
cast  iron. 

The  rising  heads  which  carry  off  any  impurities  there  may  be  in  the 
metal  are  either  "  parted  off"  in  the  lathe  or  cut  asunder  with  circular 
or  band  sawing  machmes  specially  made  for  the  purpose.  The  castings 
are  either  smoothly  "  fettled  "  by  hand  or  by  pneumatic  tools.  It  is  not 
the  practice  to  cast  wheels  of  considerable  dimensions  in  one  piece,  but 
to  make  them  in  segments,  or  at  least  in  halves. 

The  various  parts  are  fitted  by  cotters,  and  bolts  and  nuts,  as  in 
Fig.  319,  which  shows  a  massive  driving  wheel,  the  rim  of  which  is 
composed  of  eight  segments.  Each  segment  has  to  be  looied  so  as  to 
form  a  joint  to  the  next  and  so  on  round  the  wheel,  and  also  tooled  to 
fit  the  arms.    The  hub  is  shown  with  the  arms  secured  by  cotters. 

This  obviously  requires  careful  and  skilful  manipulation  of  the  various 
parts,  and  necessitates  the  measurements  of  each  part  to  be  taken  and 
transferred  with  precision.  There  is  no  "allowance,"  U.  "give  and 
take"  in  the  construction  of  a  toothed  wheel,  the  pitch  must  be 
uniform,  and  the  lim  concentric  with  the  bore  when  the  construction  is 
complete.  Any  deviation  would  be  sufficient  to  cause  the  teetli  to 
crowd  or  jam. 

Figs.  320  and  321  illustrate  other  forms  of  built-up  gear  wheels. 

Bevel  Qears. — The  use  of  bevel-gear  wheels  is  to  transmit  motion 
from  one  shaft  to  another  at  an  angle  to  it,  when  the  centre  lines 
intersect. 

The  speed  obtained  is  according  to  the  ratio  of  diameters  or 
numbers  of  teeth  in  a  given  pair  of  wheels. 

The  power  to  he  transmitted  decides  the  pitch  of  the  teeth.  When 
the  speed  transmitted  to   the   driven  shaft  is  the  same  as   that  of 
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the  driving  shaft,  the  gears  are  essentially  alike  in  angle,  diameter,  and 
number  of  teeth. 

When  the  shafts  are  at  90  degrees,  and  the  wheels  are  alike,  such 
wheels  are  called  mitres.  When  there  is  a  difference  in  the  numbers  of 
teeth  as  in  Fig,  312,  the  wheels  are  not  called  mitres,  but  bevel  gears. 

The  final  adjustment  of  these  mitre  or  bevel  gears  is  important,  and 
is  properly  termed  "  gearing  the  wheels."  Especially  is  this  the  case, 
where  the  bearings  for  the  respective  shafts  are  in  close  proximity  to 
each  other. 

For  gears  having  cast  teeth,  the  practice  is  to  turn  and  finish  each 
wheel,  except  the  boss  faces,  which  are  simply  tooled  flat.  Each  wheel 
is  placed  in  turn  on  its  respective  shaft  in  position,  and  measurement 
taken  from  the  points  of  the  teeth  to  the  face  of  the  bearing  of  the 
other  shaft.  The  measurement  thus  obtained  is  transferred  to  the 
second  of  the  pair  of  wheels,  and  is  taken  from  the  roots  of  the  teeth 


Fig.  3io.^Built-up  gear  wheel. 

to  the  face  of  the  boss ;  any  excess  of  metal  is  then  turned  off  the  boss 
face.  This  process  is  repeated  for  the  other  wheel,  and  the  gears  are 
then  temporarily  put  in  position  where  they  are  finally  to  ride. 

Where  the  original  patterns  are  in  good  condition,  very  little 
adjustment  will  be  required.  Mild  steel  cast  gears  are  less  reliable 
owing  to  the  annealing  process,  which  generally  warps  or  buckles  articles 
of  an  irregular  form.  When  "meshing"  wheels  of  mild  steel  a  few 
teeth  are  "geared"  and  any  uneven  places  subsequently  dressed  by 
filing.  This,  however,  is  not  done  until  each  wheel  has  been  keyed  to 
its  own  respective  shaft. 

Many  gears  are  now  machine  cut  in  cast  iron,  mild  steel,  gun  metal, 
and  phospher  bronze.  Fig.  322A.  This  obviously  reduces  the  task  of 
"gearing"  to  a  minimum,  so  that  by  the  system  of  duplication  and 
intercbangeability  of  parts  the  gear  blanks  can  be  turned  and  machine 
cut  to  gauges  without  trial. 
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The  Principal  Forms  of  teeth  in  use  are  the  Epicycbid  and  the 
Involute. 

Involute  Teeth. — The  involute  form  is  largely  used  for  machine- 
cut  teeth.  They  offer  a  greater  facility  in  forming  the  cutters,  as  there 
is  a  single  curve  only,  which  forms  both  face  and  flank  of  the  tooth  sides. 


Fig.  331. — Turning  the  ttm  of  a  cast-steel  gear. 

In  gears  having  thirty  teeth  and  more,  this  curve  can  be  a  single  arc 
of  a  circle  whose  radius  is  one-fourth  the  radius  of  the  pitch  circle,  and 
a  fillet  equal  in  radius  to  one-sixth  the  widest  part  of  the  tooth  space  Is 
added  at  bottom  of  the  tooth  to  make  it  stronger.     Cutters  formed 
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to  leave  this  fillet  have  the  advantage  of  wearing  longer  than  when 
brought  up  to  a  corner.  Single  curve  or  involute  gears  are,  it  is  stated, 
the  only  gears  that  can  be  run  at  varying  distances  of  axes,  and  transmit 
unvarying  angular  velocity.  This  peculiarity  makes  involute  gears 
specially  valuable  for  driving  rolls,  etc.,  the  distance  of  whose  axes 
is  likely  to  be  changed. 

"  Bevel-Oear  Blants.— Bevel 
gears  connect  shafts  whose  axes 
meet  when  sufficiently  ex- 
tended. The  teeth  of  bevel 
gears  are  formed  about  frus- 
tums of  cones  whose  apexes 
are  at  the  same  point  where 
the  shafts  meet.  In  Fig.  323 
we  have  the  axes  AO,  and  BO 
meeting  at  O,  and  the  apexes 
of  the  cones  also  at  O.  The 
cones  are  called  the  pitch 
cones,  because  they  roll  upon 
Fig.  312.— Beve)  gears.  each  other,  and  because  upon 

them  the  teeth  are  pitched. 
If,  in  any  bevel  gear,  the  teeth  were  sufficiently  prolonged  toward 
the  apex,  they  would  become  infinitely  small;  that  is,  the  teeth  would 
all  end  in  a  point,  or  vanish  at  O. 

We  can  also  consider  a  bevel  gear  as  beginning  at  the  apex,  and 
becoming  lai^er  and  larger  as  we  go  away  from  the  apex.  Hence,  as 
the  bevel-gear  teeth  are  tapering  from  end  to  end,  we  may  say,  that 
a  bevel  gear  has  a  number  of  pilches,  and  pitch  circles,  or  diameters. 


Fig.  322A,— Bevel  gear-cnlting  machine.  Fig.  323,— Selling  out  bevel  wheels. 

In  speaking  of  the  pitch  of  a  bevel  gear,  we  mean  always  the  pitch  at 
the  largest  pitch  circle,  or  at  the   largest  pitch  diameter  as  at  BD, 

Fig.  324. 

Fig.  324  is  a  section  of  three  bevel  gears,  the  gear  OBQ,  being 
twice  as  lai^e  as  the  two  others.  The  outer  surface  of  a  tooth  as  at 
(Wm"  is  called  the  face  of  the  tooth.  The  distance  mm'  is  usually  called 
the  length  of  the  face  of  the  tooth,  though  the  real  length  is  the  distance 
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il  occupies  upon  the  line  Ot.    The  outer  part  of  a  tooth  at  mn  is  called 
its  large  end,  and  the  inner  part  ni  n'  the  small  end. 

Having  decided  upon  the  pitch  and  the  numbers  of  teeth — 

1.  Draw  centre  lines  of  shafts  AOB  and  COD  at  right  angles. 

2.  Parallel  to  AOB,  draw  lines  a^,  and  cd,  each  distant  from  AOB 
equal  to  half  the  largest  pitch  diameter  of  one  gear.  For  24  teeth 
4  pitch,  this  half  largest  pitch  diameter  is  3  in. 

3.  Parallel  to  COD,  draw  lines  ef  and  gh  distant  from  COD 
equal  to  half  the  largest  pitch  diameter  of  the  other  gear.  For  a  gear 
13  teeth  4  pitch,  this  half  largest  pitch  diameter  is  i^  in. 

4.  At  the  intersection  of  these  four  lines,  draw  Oi,  Of,  Ok,  and  0/; 
these  lines  give  the  size  and  shape  of  the  pitch  cones.  We  call  them 
"  Cone  pitch  lines." 

5.  Perpendicular  to  the  cone  pitch  lines  and  through  the  intersection 


Fig.  314.— Section  of  3  bevel  wheels. 

of  lines  ab,  cd,  ef,  and  gh,  draw  lines  mn,  op,  qr.  The  lines  iiv  are 
drawn  to  show  that  another  gear  can  he  drawn  from  the  same  diagram. 

6  Upon  the  lines  mn,  op,  qr,  the  addenda  and  depth  of  the  teeth  are 
laid  off,  these  lines  passing  through  the  largest  pitch  circles  of  the  gears. 
Lay  off  the  addendum,  it  being  in  these  gears  ^  in.  This  gives  distance 
mn,  op,  qr,  and  uv  equal  to  the  working  depth  of  the  teeth,  which  in 
these  gears  is  ^  in. 

The  addendum  is  measured  perpendicularly  from  the  cone  pitch 
lines  at  kr. 

7,  Draw  lines  Om,  On,  Oo,  Op,  Oq,  Or.  These  lines  give  the 
height  of  teeth  above  the  cone  pitch  lines  as  they  approach  O,  and 
would  vanish  entirely  at  O. 

It  is  quite  as  well  never  to  have  the  length  of  teeth,  or  face  mm'. 
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longer  than  one-third  the  apex  distance  wO,  nor  more  than  two  and 
one-hair  times  the  circular  pitch. 

8.  Having  decided  upon  the  length  of  face,  draw  limiting  lines  m'ri 
perpendicular  to  /O,  ^r'  perpendicular  to  liO,  and  so  on. 

The  distance  between  the  cone  pitch  lines  at  the  inner  ends  of  the 
teeth  nt'ri  and  ^r',  is  called  the  inner  or  smaller  pitch  diameter ;  and 
the  circle  at  these  points  is  called  the  smallest  pitch  circle.  We  now 
have  the  outline  of  a  section  of  the  gears  through  their  axes. 

The  distance  mr  is  the  whole  diameter  of  the  pinion.  The  distance 
go  is  the  whole  diameter  of  the  gear. 

In  practice  these  diameters  can  be  obtained  by  measuring  the 
drawing.  The  diameter  of  the  pinion  is  3-45  in.,  and  of  the  gear 
6*22  in.  We  can  find  the  angles  also  by  measuring  the  drawing  with  a 
protractor.  In  the  absence  of  a  protractor,  templets  can  be  cut  to  the 
drawing. 

In  turning  the  blanks  to  the  correct  angle,  place  one  arm  of  the 
protractor  or  templet  against  the  wheel  boss  and  test  the  angle. 

Bevel  Qe&TB  (Catting). — When  axes  are  at  right  angles,  the  sum  of 
angles  of  edge  in  the  two  gears  equals  90°,  and  the  sums  of  angle  of 
edge  and  face  in  each  gear  are  alike. 

The  angles  of  axes  remaining  the  same,  all  pairs  of  bevel  gears  of 
the  same  ratio  have  the  same  angle  of  edge;  all  pairs  of  same  ratio 
and  of  same  numbers  of  teeth,  have  the  same  angles  of  both  edges  and 
faces  independent  of  the  pitch.  Thus,  in  all  pairs  of  bevel  gears  having 
one  gear  twice  as  lai^e  as  the  other,  with  axes  at  right  angles,  the  angle 
of  edge  of  large  gear  is  63°  26',  and  the  angle  of  ec^e  of  the  small  gear 
36'  34'. 

In  all  pairs  of  bevel  gears  with  axes  at  right  angles,  one  gear  having 
24  teeth,  and  the  other  gear  having  12  teeth,  the  angle  of  face  of  small 
gear  is  59°  11', 

Data  for  Cutting  Bevel  Geara— (see  table  of  data,  p.  289). 

1.  The  pitch  and  the  numbers  of  the  teeth  the  same  as  for  spur  gears. 

2.  The  data  for  the  cutter,  as  to  its  form :  sometimes  two  cutters 
are  needed  for  a  pair  of  bevel  gears. 

3.  The  whole  depth  of  the  tooth  spaces  both  at  the  outside  and 
inside  ends;  D"  +/at  the  outside,  and  D"'  -|-/at  the  inside. 

4.  The  thickness  of  the  teeth  at  the  outside,  and  at  the  inside; 
/  and  t'. 

5.  The  height  of  the  teeth  above  the  pitch  lines  at  the  outside  and 
inside  s  and  j'. 

6.  The  cutting  angles,  or  the  angles  that  the  path  of  the  cutter  makes 
with  the  axes  of  the  gears.  In  Fig.  325  the  cutting  angle  for  the  gear 
CD  is  hop,  and  the  cutting  angle  for  the  pinion  is  BOo. 

The  form  of  the  teeth  in  one  of  these  gears  differs  so  much  from  that 
in  the  other  gear  that  two  cutters  are  required.  In  determining  these 
cutters,  we  do  not  have  to  develop  the  forms  of  the  gear  teeth,  we  need 
merely  measure  the  lines  A^  and  Br,  Fig.  325,  and  calculate  the  cutter 
forms,  as  if  these  distances  were  the  radii  of  the  pitch  circles  of  the 
gears  to  be  cut. 
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Twice  the  length  he  in  inches  multiplied  by  the  diametral  pitch 
equals  the  number  of  teeth  for  which  to  select  a  cutter  for  the  24-tooth 
gear;  this  number  is  about  54,  which  calls  for  a  No.  3  bevel-gear 
cutter  in  the  list  of  bevel-gear  cutters  (see  p.  a83). 

Twice  £c  multiplied  by  8  equals  about  13  which  indicates  a  No.  8 
bevel-gear  cutter  for  the  pinion. 

This  method  of  selecting  cutters  is  based  upon  the  idea  of  shaping 
the  teeth  as  nearly  right  as  practicable  at  the  large  end,  and  then  filing 
the  small  ends  where  the  cutter  has  not  rounded  them  over  enough. 
ITiere  are  several  things  that  affect  the  shape  of  the  teeth,  so  that  the 


Lple  a  matter  as  the  taking  the  lines 


choice  of  cutters  is  not  always 
A^  and  Be  as  ladii. 

In  cutting  a  bevel  gear 
in  the  ordinary  gear-cutting 
machine,  the  finished  spaces 
are  not  always  of  the  same 
form  as  the  cutter  might  be 
expected  to  make,  because 
of  the  changes  in  the 
positions  of  the  cutter  and 
of  the  gear  blank  in  order 
to  cut  the  teeth  of  the  right 
thickness  at  both  ends. 

The  cutter  must  be  thin 
enough  to  pass  through  the 
small  end  of  the  spaces  so 
that  the  large  end  has  to  be 
cut  to  the  right  width  by 
adjusting  either  the  cutter 
or  the  blank  sideways,  then 
rotating  the  blank  and  cut- 
ting twice  around.  Thus, 
in  Fig.  326,  a  gear  and  a 
cutter  are  set  to  have  a 
space  widened  at  the  large 
end  e',  and  the  last  chip  to 
be  cut  off  by  the  right  side 
of  the  cutter,  the  cutter  having  been  moved  to  the  left  and  the  blank 
rotated  in  the  direction  of  the  arrow.  In  a  universal  milling  machine 
the  same  result  would  be  attained  by  moving  the  blank  to  the  right 
and  rotating  it  in  the  direction  of  the  arrow.  It  should  be  remembered' 
that,  in  setting  to  finish  the  side  of  a  tooth,  the  tooth  and  the  cutter  are 
iirst  separated  sideways,  and  the  blank  is  then  rotated  by  indexing  the 
spindle  to  bring  the  large  end  of  the  tooth  up  against  the  cutter. 

This  tends  not  only  to  cut  the  spaces  wider  at  the  large  pitch 
circle,  but  also  to  cut  off  still  more  at  the  face  of  the  tooth ;  that  is, 
the  teeth  may  be  cut  rather  thin  at  the  face  and  left  rather  thick  at 
the  root 

This  tendency  is  greater  as  a  cutting  angle,  BOt^,  Fig.  325,  is  smaller. 
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or  as  a  bevel  gear  approaches  a  spur  gear,  because  when  the  cutting 
angle  is  small  the  blank  must  be  rotated  through  a  greater  arc  in  order 
to  set  to  cut  the  right  thickness  at  the  outer  pitch  circle.  Different 
workmen  prefer  different  ways  to  compromise  in  the  cutting  of  a  bevel 
gear.  When  a  blank  is  rotated  in  adjusting  to  finish  the  large  end  of 
the  teeth  there  need  not  be  much  filing  of  the  small  end,  if  the  cutter  is 
right,  for  a  pitch  circle  of  the  radius  Be,  Fig.  325,  which  for  our  example 
is  a  No.  8  cutter,  but  the  tooth  faces  may  be  rather  thin  at  the  large 
ends.  This  compromise  is  preferred  by  nearly  all  workmen ;  because 
it  does  not  require  much  filing  of  the  teeth. 

A  second  approximation  in  cutting  with  a  rotary  cutter  is  to  widen 
the  spaces  at  the  large  end  by  swinging  either  the  index  spindle  or  the 
cutter-slide  carriage,  so  as  to  pass  the 
cutter  through  on  an  angle  with  the 
blank  sideways,  called  the  "  side-angle," 
and  not  rotate  the  blank  at  all  to  widen 
the  spaces.  This  side-angle  method 
is  employed  in  automatic  mitre  gear- 
cutting  machines,  and  is  available  in 
the  manufacture  of  mitre  gears  in  large 
quantities,  because  with  the  proper 
relative  thickness  of  cutter  the  tooth 
thickness  comes  right  by  merely  adjust- 
ing for  the  side  angle,  but  for  cutting  a 
few  gears  it  is  not  so  much  liked, 
because  in  adjusting  for  the  side  angle 
the  central  setting  for  the  cutter  is 
usually  lost,  and  has  to  be  found  by 
guiding  into  the  central  slot  already  cut. 
If  the  side-angle  mechanism  pivots 
about  a  line  that  passes  very  near  the 
small  end  of  the  tooth  to  be  cut,  the 
Fig.  326.-SettiiiB  bevel-geat  central  setting  of  the  cutter  may  not 
cutter  oni  of  centre.  be  lost.     With  this  method  a  gear  must 

be  cut  at  least  twice  round.  In  widen- 
ing the  spaces  at  the  large  end,  the  teeth  are  narrowed  practically  the 
same  amount  at  the  root  as  at  the  face,  so  that  this  side^ngle  method 
requires  a  wider  cutter  at  e  e\  Fig.  326,  than  the  first  or  rotative 
method.  The  amount  of  filing  required  to  correct  the  form  of  the  teeth 
at  the  small  end  is  about  the  same  as  in  the  first  method. 

A  third  approximate  method  consists  in  cutting  the  teeth  right  at  the 
large  end  by  going  round  at  least  twice,  and  then  to  trim  the  teeth  at 
the  small  end  and  towards  the  laige  end  with  another  cutter,  going 
round  at  least  four  times  in  all.  This  method  requires  skill,  and  is 
necessarily  a  little  slow,  but  it  contains  possibilities  for  considerable 
accuracy. 

A  fourth  method  is  to  have  a  cutter  fully  as  thick  as  the  sfxices  at 
the  small  end,  cut  rather  deeper  than  the  regular  depth  at  the  lai^e  end, 
and  go  only  once  round.     This  is  a  quick  method,  but  more  inaccurate 
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than  the  three  preceding ;  it  is  available  in  the  manufacture  of  lai^e 
numbers  of  gears,  when  the  tooth  face  is  short  compared  with  the  apex 
distance ;  it  is,  however,  seldom  employed  in  cutting  a  few  gears,  and 
may  require  some  experimenting  to  determine  the  form  of  cutter. 

Sometimes  the  teeth  are  not  cut  to  the  regular  depth  at  the  small 
end,  in  order  to  have  them  thick  enough,  which  may  necessitate 
reducing  the  addendum  of  the  teeth  at  the  small  end  by  turning  the 
blank  down.  This  method  is  extensively  employed  by  chuck  manu- 
facturers. 

A  machine  that  cuts  bevel  gears  with  a  reciprocating  motion,  and 
using  a  tool  similar  to  a  planing  tool,  is  called  a  "  gear  planer,"  and 
the  gears  so  cut  are  said  to  be  planed, 


Cutters  for  Mitke  and  Bevel  Gears. 
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Worm  and  Worm  WheeL— A  worm  is  a  screw  cut  so  as  to  gear 
with  the  teeth  of  a  wheel  called  a  worm  wheel.  A  section  of  a  worm 
through  its  axis  is  in  outline  the  same  as  a  rack  of  corresponding  pitch. 
This  outline  can  be  made  either  to  mesh  with  single  or  double  curve 
gear  teeth ;  but  worms  are  usually  made  for  single  curve,  because,  the 
sides  of  involute  rack  teeth  being  straight,  the  tool  for  cutting  a  worm 
thread  is  more  easily  made.  The  thread  tool  is  not  usually  rounded  for 
giving  the  fillets  at  the  bottom  of  worm  threads.  The  rules  for  circular 
pitch  apply  in  the  size  of  tooth  parts  and  diameter  of  pitch  circle  of  worm 

The  pitch  of  a  worm  or  screw  is  usually  given  in  a  way  different  from 
the  pitch  of  a  gear,  viz.  in  number  of  threads  to  i  in.  of  the  length  of 
the  worm  or  screw.  Thus,  if  we  say  a  worm  is  two-pitch,  we  mean  two 
threads  to  the  inch,  or  the  worm  makes  two  turns  to  advance  the  thread 
I  in.     But  a  worm  may  be  double-threaded,  triple-threaded,  and  so  on. 

It  is  much  better  to  call  the  advance  of  the  worm  thread  the  lead. 
Thus,  a  worm  thread  that  advances  1  in.  in  one  turn  we  call  i-in.  lead 
in  one  turn. 

A  single-thread  worm  4  threads  to  i  in.  is  ^  in.  lead.    We  apply  the 
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term  "pitch"  to  the  actual  distance  between  the  threads  or  teeth.  In 
single-thread  worms  the  lead  and  the  pitch  are  alike.  If  we  have  to 
make  a  worm  and  wheel  so  many  threads  to  i  in.,  we  first  divide  i  in. 
by  the  number  of  threads  to  i  in.,  and  the  quotient  gives  us  the  circular 
pitch. 

The  term  "  linear  pitch  "  expresses  exactly  what  is  meant  by  circular 
pitch.  Linear  pitch  has  the  advantage  of  being  an  exact  use  of  language 
when  applied  to  worms  and  racks. 

The  number  of  threads  to  i  in.  linear  is  the  reciprocal  of  the  linear 
pitch.  Multiply  3T4r6  by  the  number  of  threads  to  i  in.,  and  the  pro- 
duct will  be  the  diametral  pitch  of  the  worm  wheel.    Thus,  we  would  say 


FiC.  328.— Cutting  worm-wheel  teeth, 
;urns,  that  lead  =  f  in. 


Fig.  327. — Milling  faces  of 


of  a  double-thread  worm  advancing  i  in.  in 
or  075  in. 

Linear  pitch,  or/'  -  \  in.  or  o'37s  in. 

Diametral  pitch,  or  P  =  8-377  '"■ 

The  system  adopted  by  The  Messrs.  Brown  &  Sharpe  is  to  mill 
the  faces  of  worm  wheels  instead  of  turning  them.  The  operation  will 
be  understood  from  Fig.  317,  one  part  of  which  shows  a  section  of  a 
spur  wheel  and  the  other,  S,  a  segment  of  a  worm-wheel  blank. 

The  practice  involved  in  cutting  worm  wheels  is  seen  in  Fig.  338, 
The  index  centres  are  set  central  with  the  cutter  on  the  line  CD,  as  in 
cutting  spur  wheels.  The  mandrel  holding  the  worm-wheel  blank  is 
put  on  the  centres,  and  by  moving  the  table  lengthwise  the  centre  of  the 
face  of  the  worm  wheel  is  set  under  the  centre  of  the  cutter  spindle  AB. 
The  table  stop  is  put  on  so  that  the  table  will  not  move,  then  the  saddle 
is  set  to  the  angles  of  the  teeth  as  seen  by  the  lines  E  and  CD,  and  the 
vertical  feed  is  used  in  cutting  the  work. 
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HobB. — A  hob  is  a  worm  of  cast  sleel  (Fig.  329)  cut  with  the 
same  screw-cutting  toot  that  is  used  to  cut  the  worm ;  it  is  then  grooved 
to  make  teeth  for  cutting.  The  diameter  of  the  hob  is  a  little  in 
excess  of  the  diameter  of  the  worm,  to  give  a  suitable  clearance.  The 
outer  comers  of  the  hob  threads  can  be  rounded  off  as  far  as  the 
clearance  distance.  The  threads  are  relieved  between  the  cut  grooves, 
to  form  a  side  clearance ;  provision  for  this  relief  is  provided  for 
in  a  universal  milling  machine.  The  hob  is  finally  hardened  and 
tempered. 

The  teeth  of  a  worm  wheel  are  first  cut  as  nearly  to  the  finished 
form  as  practicable,  and  then  the  worm  wheel  is  mounted  to  mesh  with 
the  hob.  There  are  two  ways  of  doing  this  part  of  the  work  ;  the  best 
way  is  to  make  the  spindle  carrying  the  worra  wheel  to  rotate  by  a  direct 
mechanism,  the  other  method  is  to  cause  the  worm  cutter  to  drive  the 
worm  wheel.  The  object  of  bobbing  a  wheel  is  to  get  more  bearing 
surface  of  the  teeth  upon  the  threads  of  the  worm.  By  bobbing  we  pro- 
duce outline  of  teeth,  something  like  the  thread  of  a  nut." 

"Hindley"  Worm.— The  "  Hindley"  worm  differs  from  the  ordinary 
worm  in  being  cut  with  a  tool  which 
travels  in  a  circle,  whereas  the  tool 
which  cuts  the  ordinary  worm  travels 
in  a  straight  line  parallel  to  the  axis 
of  the  worm  mandrel. 

A  single  tool  for  cutting  a  Hindley 
worm  would  be  a  representation  in 
outline  of  a  section  of  a  tooth  from 
the  wheel  intended  to  engage  with  the 
worm,  and  would  turn  on  a  centre 
lying  at  the  same  distance  from  the 
tip  of  the  tool  as  the  centre  of  the 
wheel  is  from  the  tip  of  the  teeth.  In  p^^ 
other  words,  this  too!  would  represent 
in  sectional  dimensions  and  situation 
relative  to  its  centre  of  rotation  a  tooth  of  the  worm  wheel.  In  cutting 
the  worm,  it  might  be  imagined  that  such  a  tool  were  a  tooth  of  the 
wheel  cutting  its  own  circular  path. 

In  actual  manufacturing  practice  an  exact  duplicate  of  the  wheel  is 
made  to  cut  the  worra,  and  an  exact  duplicate  of  the  worm  cuts  the 
wheel ;  the  theory  of  this  gear  being  that  the  worm,  cut  by  a  cutter-head 
which  truly  represents  the  wheel,  and  the  wheel  being  cut  by  a  hob 
truly  representative  of  the  worm,  the  two  will  gear  together  perfecdy. 
This  is  found  to  be  nearly  true,  an  allowance  having  to  be  made  in 
cutting  the  worm  for  the  thickness  of  the  wheel.  This  will  be  readily 
understood  when  it  is  considered  that  the  cutting  edges  of  the  cutters  act 
as  a  thin  sheet  of  metal  might  do  upon  a  soft  substance,  and  represent 
a  section  only  of  the  wheel  teeth,  whereas  the  wheel  itself  is  of  a  con- 
siderable thickness. 

It  will  be  seen  that  the  distance  from  top  to  top  of  the  worm  threads 
is  less  than  the  distance  from  root  to  root  (if  a  section  be  imagined), 
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lfc».a<  ihe  centre  line  of  the  worm  are  radii  of  thewkeUlniiM 
•r.isa  the  «h««l  centre.  The  |ntch  of  the  worm  b  iheretoieivjl 
;j»rt  :>  .*<*  Fig.  jioaV  \ 

"  ntiTia^;.'    SiBffl«-e«TTa  G«ur  li&vinK  less  thu  30  TeeQi  A 
jL?-  -^    V  j;.  I  is  a  sin^le-cnrre  gear  of  ao  teeth,  yj  pitdi.  \ 

i-.i»-.-^  ci'jc-^ijtfed  data  for  this,  we  proceed  as  follows-      \ 

N  =  a-mber  of  teeth,  P  -  -  — ■-  ^  ^  ^  -     '      1 


>"-.••-  Oi-v:  X  these  points,  as  B,  draw  a  line  to  &e  CHiWtt 
.•-  ■  i>.'  »•-";«  s«r;-.circ3e  upon  radius  of  pitch  circle.  Tte&™ 
-».  Si.".-;,;  is  e-c-^al  to  the  radius  of  the  pitclv  citde.  Dr 
_  ^  .  "  ».v^.  »  r^.-le-cepth  circles  (see  table,  p.  289),  Fromtevi 
.,-  >- -.  <r- »  >t--s  iSe  octer  end  of  radius  to  pitch  cirdeandsewi(4 

^.  .--    ,  .-.r  t>;  K^.-.;circlc  a  distaiKie  equal  to  one-half  n'  ■ 


-    .l^n^J 


^   ^d  c.^  as  a  chord.    Through 

-»  a  Carrie  coiKsaitric  to  pitch  C 

~--:---i,'  Ar»d  is  osed  as  the  has 

^  -.~TL»  ire  frcim  addendum  cii 
-  -  "^  : "  ^rns-  base  circle  and  letti 
' —    -  ~   :^-  ;Se  fetch  circle.    Tl 


-  ii=D«ei  to  DE.  Fro 
^  -  s  ^  bjse  arde.  Draw  ] 
--  -T-  1^,-nje  the  space  t 
-'-  -^  ".Jirts :  iriih  diTiders  s 
"  ~x  r  iss  far  stret^themi 
-  :^ -i.rs^  Taese  fillet  aKS 
■'    ^-:  ^oes  o»  die  teeth 


C'^-'-   rv  e«cB\,  th 
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because  the  centre  line  of  the  worm  are  radii  of  the  wheel  which  divi 
from  the  wheel  centre.  The  pitch  of  the  worm  is  therefore  a  vari 
quantity  fsee  Fig.  329a). 

"  Qeann^."    Single-curve  Gear  having  leas  than  30  Teeth  (: 
330).     Fig.  I  is  a  single-curve  gear  of  so  teeth,  -f^  pitch. 
Having  calculated  data  for  this,  we  proceed  as  follows  :— 


N  =  number  of  teeth,  P  = 


31416 


Draw  the  pitch  circle,  and  lay  off  in  parts  equal  to  one-half  of 
pitch.  From  one  of  these  points,  as  B,  draw  a  line  to  the  centre 
bisect  it,  and  draw  semicircle  upon  radius  of  pitch  circle.  The  diame 
of  this  semicircle  is  equal  to  the  radius  of  the  pitch  circle.  Dr 
addendum  and  whole-depth  circles  (see  table,  p.  289).  From  the  point 
in  pitch  circle,  where  the  outer  end  of  radius  to  pitch  circle  and  semicin 
meet,  lay  off  upon  the  semicircle  a  distance  equal  to  one-half  radius 


Fig.  329A. — "  Hindley  " 


semicircle,  as  shown  at  BA,  this  is  laid  off  as  a  chord.  Through  thisl 
point,  A,  upon  the  semicircle  draw  a  circle  concentric  to  pitch  circle. 
This  circle  is  called  "the  base  circle,"  and  is  used  as  the  basis  for 
desciibing  the  tooth  arcs. 

With  dividers  set  at  same  radius  draw  ace  from  addendum  circle  to 
base  circle,  placing  one  leg  of  dividers  in  the  base  circle  and  letting  the 
other  leg  pass  through  the  point  laid  off  in  the  pitch  circle.  Thus  an 
arc  is  drawn  about  A  as  centre  through  B. 

Describe  a  circle  about  C  equal  in  diameter  to  DE.  From  this 
circle  we  obtain  the  sides  of  spaces  inside  of  base  circle.  Draw  parallel  , 
lines  from  DE  touching  the  circle  round  C.  Divide  the  space  between 
the  teeth  on  addendum  circle  into  six  equal  parts  j  with  dividers  set  as  to  J 
radius  to  one-sixth  of  tooth  space,  draw  the  fillets  for  strengthening  teeth 
at  their  roots.  (This  rule  applies  to  all  gears.)  These  fillet  arcs  should 
just  touch  the  whole  depth  circle  and  the  sides  of  the  teeth  already 
formed. 

Sing^le-onrve  OeaiB  having  80  Teeth  and  over. — Single-curve  teeth 
are  so  called  because  they  have  but  one  curve  by  theory,  this  curve     i\ 
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forming  both  face  and  flank  of  tooth  sides.  The  curve  in  any  gear  of 
30  or  more  teeth  can  be  a  single  arc  of  a  circle,  whose  radius  is  one- 
fourth  the  radius  of  the  pitch  circle. 

Fig.  I  is  a  single-curve  gear  of  40  teeth  yj  pitch.  Having  calculated 
data  for  this,  we  proceed  as  with  Fig.  1, 

Describe  pitch  circle,  addendum  circle,  and  whole-depth  circle,  and 
base  circle  by  the  same  method  as  previously  described.  With  dividers 
set  to  one  quarter  of  the  radius  of  the  pitch  circle,  draw  arcs  forniit^ 
face  and  flanks  of  teeth,  placing  one  leg  of  dividers  on  base  circle,  and 
letting  the  other  pass  through  the  point  iaid  off  on  the  pitch  circle. 
Divide  tooth  space  or  addendum  circle  into  six  equal  parts ;  with  one 
of  these  as  radius  describe  an  arc  connecting  tooth  flank  and  touching 
the  whole-depth  circle.  A  cutter  has  the  advantage  of  lasting  con- 
siderably longer  that  is  made  to  form  these  fillets,  than  it  would  have  if 
it  was  brought  up  to  a  comer. 

Single-curve  or  involute  gears  are  the  only  gears  that  can  run  at 
varying  distance  of  axes  and  transmit  unvarying  angular  velocity.  This 
peculiarity  makes  involute  gears  specially  valuable  for  driving  rolls  or 
any  rotating  pieces,  the  distance  of  whose  axes  is  likely  to  be  changed. 
The  assertion  that  gears  crowd  harder  on  bearings  when  of  involute 
than  when  of  other  forms  of  teeth  has  not  been  proved  in  actual  practice. 

In  high-numbered  gears,  when  they  are  to  interchange  with  low 
numbered  gears,  it  is  necessary  to  round  off  the  points  of  involute  teeth. 
A  good  way  of  ascertaining  how  much  to  round  off  is  by  making  thin 
metal  templets  of  a  few  teeth  and  fitting  addenda  of  teeth  to  clear  the 
flanks. 

"  Donble-curve  Teeth." — Fig.  3  is  a  double-cinvc  gear  of  13  teeth, 
ys  pitch.  Fifteen  teeth  is  taken  as  the  "  base  "  of  this  system.  Until 
within  a  few  years  the  base  of  a  system  of  double-curve  interchangeable 
gears  was  12  teeth.  It  is  now  considered  as  the  best  practice  to  take 
15  teeth.  The  reason  for  this  change  was,  the  15-teeth  base  gave  less 
angle  of  pressure  and  larger  arc  of  contact,  and  hence  longer  lifetime  of 
gears. 

In  double-curve  teeth  the  formation  of  tooth  sides  change  at  the 
pitch  line.  In  all  gears  the  part  of  teeth  outside  of  pitch  line  is  convex, 
in  some  gears  the  sides  of  teeth  inside  pitch  line  are  convex,  in  some 
radial,  and  in  others  concave.  Convex  faces  and  concave  flanks  are  the 
most  familiar.  In  interchangeable  sets  of  gears,  one  gear  in  each  set, 
or  of  each  pitch,  has  radial  flanks. 

Gears  with  more  than  15  teeth  have  concave  flanks,  gears  with  less 
than  15  teeth  have  convex  fianks.  This  t5-tooth  construction  enters 
into  gears  of  any  number  of  teeth,  and  also  into  racks. 

Having  obtained  data  for  15  teeth  ^  pitch,  we  proceed  as  follows : 
Draw  the  pitch  circle,  and  point  it  off  into  parts  equal  to  thickness  of 
tooth  (i,<,  ^),  From  the  centre,  through  one  of  these  points,  as  T, 
draw  line  OTA.  Draw  addendum  and  whole-depth  circles.  About  this 
point,  T,  with  same  radius  as  pitch  circle,  describe  the  arcs  AK  and  O^, 
For  any  other  double-curve  gear  of  this  pitch  the  radius  of  arcs  AK  and 
O^  will  be  the  same  as  this. 
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In  a  15-tooth  gear  the  arc  0^  passes  through  the  centre  O,  but  for 
a  geat  of  any  other  number  of  teeth  this  construction  arc  does  not  pass 
through  the  gear  centre.  The  arcs  AK  and  O^  are  always  taken  from 
the  pitch  we  are  working  with.  Upon  these  arcs,  on  opposite  sides  of 
lines  OTA,  lay  off  tooth  thickness  AK  and  Ok,  and  draw  line  KT<i. 
Perpendicular  to  KTi  draw  line  of  pressure  LTP,  also  through  O  and 
A  draw  lines  AR  and  O^  perpendicular  to  KT-6. 

The  line  of  pressure  is  at  an  angle  of  78°  with  the  radius  of  gear. 
From  O  draw  a  line  OR  to  intersection  of  AR  with  KTi.  Through 
point  c,  where  OR  intersects  LP,  describe  a  circle  about  the  centre  O. 
It  is  in  this  circle  that  leg  of  dividers  is  placed  to  describe  tooth  faces. 

The  radius  cd  of  arc  of  tooth  faces  is  the  straight  distance  from  c  to 
tooth-thickness  point  b  on  the  other  side  of  radius  OT.  With  this 
radius,  cb,  describe  both  sides  of  tooth  faces.  Draw  flanks  of  all  teeth 
radial  as  Oe  and  0/  This  base  gear  of  15  teeth  has  radial  flanks. 
With  radius  to  one-sixth  of  widest  part  of  tooth-space,  gh,  draw  fillets 
at  bottom  of  teeth  as  in  previous  figures. 

The  foregoing  is  a  close  approximation  to  epicycloidal  teeth.  To 
get  the  teeth  exact,  make  two  ij-tooth  gears  of  sheet  metal.  Make 
addenda  long  enough  to  come  to  a  point  as  at  n.  Make  radial  flanks 
as  at  m  deep  enough  to  clear  addenda  when  gears  are  in  mesh.  First 
finish  the  flanks,  then  fit  the  long  addenda  to  the  flanks  when  gears  are 
in  mesh.  When  these  two  templet  gears  are  alike,  the  centres  are  the 
right  distance  apart,  and  the  teeth  interlock  without  backlash,  they  are 
exact. 

One  of  these  templet  gears  can  now  be  used  to  test  any  other 
templet  gear  of  the  same  pitch.  Gears  and  racks  will  be  right  when 
they  run  correctly  with  one  of  these  15-tooth  templet  gears.  Five  or 
six  teeth  are  enough  to  make  in  a  gear  templet. 

Double-carve  Qears  haviag  more  and  less  than  16  Teeth. — Fig.  4 
is  two  gears  in  mesh,  12  and  24  teeth  respectively,  j^  pitch.  Having 
calculated  data,  describe  the  two-pitch  circles,  whole-depth  circles,  and 
addendum  circles.  Lay  off  the  arcs  AK  and  Ok  as  described  for  the 
previous  figure.  Draw  line  of  pressure  LP  perpendicular  to  KT-f. 
This  line  will  serve  for  both  gears.  Measure  off  the  tooth  thickness,  or 
these  arcs  AK  and  Ok.  The  line  Y^Vk  is  obtained  in  the  same  manner 
as  in  previous  figure  for  all  double-curve  gears,  the  distances  only  vary- 
ing according  to  the  pitch.     Perpendicular  to  KTiJ  draw  the  Unes  AR 

From  centre  C  through  r  draw  line  intersecting  line  of  pressure  in  m. 
From  C  draw  line  to  R,  crossing  line  of  pressure  at  c:  Through  m  on 
line  of  pressure  describe  a  circle  concentric  with  pitch  circle  about  C. 
It  is  from  this  circle,  by  placing  one  1^  of  the  dividers  on  it,  that  we 
desciibe  the  flanks  of  the  teeth. 

The  radius  mn  of  flanks  is  the  straight  distance  from  m  to  the  first 
tooth-thickness  point  on  other  side  of  line  of  centres  CC  at  v.  To 
show  how  it  is  constructed,  the  arc  is  continued  to  «.  This  method  of 
obtaining  radius  of  double-curve  tooth  flanks  applies  to  all  gears  with 
more  than  15  teeth. 
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The  tooth  faces  are  constructed  in  the  same  manner  as  described  for 
previous  figure,  viz.  r  Draw  a  circle  through  c  concentric  to  pitch  circle. 
Place  one  leg  of  dividers  on  this  circle  with  radius  cb,  and  draw  tooth 
faces.  The  arc  is  continued  to  d  to  show  method  of  construction.  The 
radius  of  fillets  at  roots  of  teeth  is  one-sixth  of  tooth  space  on  addendum 
circle. 

The  construction  for  flanks  of  12,  13  and  1+  teeth  are  similar  to 
each  other,  and  as  follows  :  Through  the  centre  C'  draw  a  line  from  R, 
intersecting  line  of  pressure  in  u.  Through  u  draw  a  circle  ahout  C 
On  this  circle  one  leg  of  dividers  is  placed  for  drawing  flanks.  The  arc 
is  continued  to  V  to  show  how  con3ti:ucted.  The  radius  of  flanks  is  the 
distance  from  u  to  the  first  tooth -thickness  point  e  on  the  same  side  of 
CTC'.  This  will  give  convex  flanks.  The  faces  are  similar  to  those  in 
Fig.  3,  the  radius  being  wy.  The  arc  is  continued  to  x  to  show 
method  of  construction. 

The  circle  for  the  centres  of  these  tooth  faces  is  constructed  as  follows  : 
From  C  draw  a  line  to  r,  intersecting  line  of  pressure  at  w.  Through 
w  draw  a  circle  about  C  concentric  to  pitch  circle. 

In  speaking  of  different-sized  gears  the  smallest  ones  are  often  called 
"  pinions,"  The  angle  of  pressure  in  all  gears,  except  involute,  con- 
stantly changes.  78°  is  the  pressure  angle  in  double-curve  or  epicycloidal 
gears  for  an  instant  only.  In  this  system  it  is  78°  when  one  side  of  a 
tooth  reaches  the  line  of  centres,  and  the  pressure  against  teeth  is  applied 
in  the  direction  of  the  arrows. 

The  pressure  angle  of  involute  gears  does  not  change.' 

Data  for  Gear  Teeth. 

Let  D  =  diameter  of  addendum  circle. 
„    D'  =       „  „  pitch  circle. 

„    P'  =  circular  pitch. 
„    /  =  thickness  of  tooth  at  pitch  line. 
„   s  =  addendum  or  face,  also  length  of  working  part  of  tooth 

below  pitch  line. 
„    ^s  =  D",  or  twice  the  addendum,  equals  the  working  depth  of 

teeth  of  two  gears  in  mesh, 
„  /  =  clearance  or  extra  depth  of  space  below  working  depth. 
„   J  +/=  depth  of  space  below  pitch  line. 
„    D"  + /=  whole  depth  of  space. 
„    N  =  number  of  teeth  in  one  gear. 
„    n  =  3'i4i6,  or  the  circumference  when  the  diameter  is  i. 

'  Brown  and  Sharpe's  "Gearing," 
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CHAPTER   XIV. 

CUTTING   TOOLS,  AND  HOW  TO    USE   THEM. 

"Cutting  Tools"  are  all  intended  to  remove  shavings  or  chips, 
(There  are  other  tools  used  in  "  press  working  of  metal,"  "  punching 
and  shearing,"  but  these  tools  have  a  somewhat  different  action.)  Tools 
used  in  the  slide  lathe  are  all  provided  with  a  clearance  angle  of  at 
least  3",  whatever  the  "  top  rake  "  or  cutting  angle  may  be. 

The  most  suitable  angle  for  turning  wrought  iron  is  from  55°  to  65°. 
Tools  used  in  cutting  wrought  iron  to  a  great  depth  below  the  surface 
are  sometimes  made  with  a  more  obtuse  angle  when  the  feed  or  traverse 
is  coarse. 

The  best  results  are  obtained  in  all  cutting  tools  by  observing  the 
following  points : — 

r.  The  cutting  edges  must  be  kept  keen, 

2.  There  must  be  as  much  metal  supporting  the  cutting  edges  as 
^ — -^  can  be  allowed,  which  is  decided  by 

/^         \  the  depth  of  the  cut  and  thickness  of 

i L- shaving  removed. 

\  Jyfi  \  3.  The   clearance  should  be  as 

^^,     ^  W^^^M^^^^^      1'"!^  ^  possible,  just  enough  to  allow 

™"^^^'^^^^^      simply  the  edge  of  the  tool  to  touch 

FIG.  331. -Correct  position  of  tool.         the  metal. 

••■''■  ^_  The  "  slope,"  "  top  rake,"  or 

"angle"  the  tool  must  have  is  always  as  little  from  the  vertical  as  the 
nature  of  the  metal  to  be  cut  will  admit  ot 

5-  The  softer  the  metal,  the  keener  the  tool ;  and,  conversely,  the 
harder  the  metal,  the  more  obtusely  it  must  be  ground  (compare  Figs. 
332  with  340). 

6.  The  nearer  to  its  cutting  edge* a  tool  is  supported,  the  keener  it 
may  be  made,  and  the  more  even  the  surface  produced.  (Example,  see 
Fig.  33I-) 

Tools  used  on  mild  steel  are  ground  65°;  this  is  extended  to  70°  for 
deep  cuts.  Cast  iron  is  best  cut  with  tools  made  at  75°,  and  for  hard 
metal,  such  as  chilled  rolls,  the  angle  reaches  as  mudi  as  87°.  The 
foregoing  points  apply  to  both  circular  and  straight  work,  f,e.  to  turning 
and  planing  alike. 

Turning  tools  used  in  the  slide  rest  are  placed  level  and  with  the 
point  of  the  tools  at  the  exact  height  of  the  centres.  This  is  important 
in  turning  work  of  small  diameter,  as  illustrated  in  Fig.  ;i32A,  b,  c. 
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When  the  work  is  of  a  large  diameter,  there  is  no  appreciable 
difference  whether  the  tool  is  a  little  above  or  below  the  centre  line ; 
this  is  obvious,  since  the  fractional  part  of  a  large  circle  makes  but  a 
small  angle.  But  in  the  former  case  the  tool  nose  begins  to  rub  the 
surface  of  the  work,  and  prevents  the  edge  from  cutting  properly  when 
placed  above  the  centre  line,  while  the  cutting  capacity  is  diminished 
when  the  tool  is  fixed  below  it.  Tiiere  is  also  a  tendency  for  the  work 
to  lift  and  spring  out  of  the  lathe.  It  is  wise,  therefore,  to  set  the 
height  of  the  tools  to  a  gauge  (see  Fig.  333).  There  should  be  a 
"  leading  side  "  to  every  traversing  tool,  commonly  called  "  side  rake," 
also  a  sloping  away  from  the  cutting  edge  on  the  upper  surface  or  angle 
of  the  tool.  The  side  and  front  rakes  are  constant,  but  the  slope  from 
the  cutting  edge  on  the  upper  surface  varies  according  to  the  nature  of 
the  metal  operated  upon,  also  upon  the  depth  of  the  cut  and  the  rate  of 
feed  given  to  the  tool. 

When  turning  tools  for 
hard  cast  iron  and  phosphor 
bronze,  or  other  hard  alloys, 
are  first  ground  (the  angle 
being  almost  a  right  angle), 
it  is  not  intended  to  obtain  a 
shaving  with  the  tool,  so 
much  as  to  separate  the 
particles,  and  thus  get  them 
to  fall  or  fly  off  from  the 
tool  point,  thereby  carrying 
away  the  heat  as  fast  as  it 
is  generated.  Indeed,  a  tool 
can  be  set  deeply  into  a 
revolving  casting  of  bard 
iron,  and  caused  to  traverse 
at  a  coarse  feed,  making  the 
chips  fly  to  a  considerable 
distance,  yet  leaving  the 
casting  almost  as  cool  as 
before  cutting. 

In  grinding  tools  for 
wrought  iron  and  mild  steel, 
a  definite  attempt  is  made 
to  obtain  a  shaving  cut. 
This  is  done  principally  to  reduce  the  power  absorbed  in  driving ;  and 
since  the  tools  and  work  may  be  kept  cool  by  lubrication,  the  best 
results  are  obtained  with  hollow-ground  tools.  It  will  therefore  be 
seen  that  heat  must  be  either  carried  away  or  quenched  as  fast  as  it  is 
generated,  or  the  cutting  capacity  of  the  tools  will  be  destroyed. 

Reference  has  been  made  to  "  side  rake,"  as  given  to  traversing  tools. 
It  is  well  to  point  out  here  that  a  sliding  lathe  may  carry  a  "  reversing 
motion,"  which  causes  the  saddle  to  travel  either  from  right  to  left  or  left 
to  right  as  the  case  may  require,  but  the  tools  must  be  changed  at  the 


C. — Tool  below  centre  line. 
Fig.  333. — Various  posilions  of  sliding  tools. 
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same  time  as  the  direction  of  the  traverse.     A  tool  cutting  from  right  to 
left  has  a  right-hand  side  rake  only,  and  on  no  account  should  it  be 
used  to  cut  from  left  to  right.     From  this  it  may  be  gathered  that  there    | 
are  two  divisions  in  a  set  of  cutting  tools,  right  and  left  hand  roughing 
and  finishing  respectively. 

rig.  331  represents  a  surfacing  tool  for  wrought  iron,  to  be  used  on 
a  general  class  of  work. 

Fig.  334  is  a  somewhat  similar  tool  used  on  heavy  foldings.  It  will  I 
be  observed  that  this  tool  is  forged  without  a  hook,  which  is  to  give  it 
strength ;  but  such  tools  are  soon  weakened  when  repeatedly  ground, 
which  is  not  the  case  with  hook  tools,  as  there  is  provision  made  foe- 
grinding  until  the  hollow  itself  is  reached.  An  advantage  for  heavy 
cutting  is  found  when  using  tools  having  a  flat  underside  which  are 
clamped  in  the  rest,  leaving  little  more  than  the  cutting  portion  extending, 
This  prevents  any  possible  spring,  and  if  every  "slide"  is  properly 
adjusted,  the  surface  cut  is  uniformly  true  and  free  from  jar  marks. 

Reference  has  been  made  to  the  difference  in  the  angle  given  to  a 
tool  for  hard  cast  iron  and  soft  wrought  iron,  viz.  80"  for  cast  iron, 
and  60°  for  wrought  iron,  an  actual  difference  of  30°.  Now  for 
illustration.     Let  us  reverse  the  tools  for  each  metal ;  we  shall  find  a 


Rough  I  NO  Tool. 
F'G-  333-— Height  gauge.  Fig.  334.— (When  broad -Dosed),  tool  for 

finishing. 

tool  of  80"  will  refuse  to  make  a  shaving  cut,  and  instead  will  lurch  into 
the  soft  wrought  iron,  producing  irregularly  shaped  chips,  more  like 
nuggets  than  shavings,  and  moreover  will  generate  an  abnormal  amount 
of  heat,  requiring  a  copious  supply  of  lubricant.  In  addition  to  this,  the 
lathe  is  subjected  to  severe  stresses,  which  may  cause  the  belts  to  skid 
on  the  pulleys  or  to  break  the  teeth  of  some  of  the  gearing. 

Again,  to  use  a  tool  made  to  an  angle  of  60°  on  hard  cast  iron  with 
a  deep  cut  and  a  suitable  traverse  means  disaster;  there  not  being 
enough  metal  on  the  tool  nose  to  support  the  cutting  edges,  they  either 
snip  or  heat  up  and  soften.  This  obviously  shows  that  the  nature  of 
the  metal  to  be  operated  upon  has  much  to  do  with  the  correct  form 
a  cutting  tool  should  possess,  and  that  a  tool  giving  satisfactory  results 
when  used  in  turning  one  kind  of  material  is  quite  unsuitable  for 
another. 

It  will  be  observed  that  when  deeps  cuts  are  taken  the  brunt  of  the 
work  is  done  by  the  leading  side  of  the  tool,  and  for  this  reason  the 
front  of  the  tool  may  be  somewhat  flattened,  so  as  to  scrape  along 
the  surface  of  the  work,  and  thus  leave  it  smooth. 

A  tool  presented  to  the  work  having  more  front  than  side  will  not 
cut  so  deeply  into  the  work  as  a  tool  with  more  lead.  Indeed,  front 
tools  are  for  finishing,  and  ustially  are  preceded  by  deep-cutting  tools. 
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Side  or  crank  tools  are  used  both  in  the  lathe  and  in  the  planing 
machine ;  they  are  forged  somewhat  similar  to  a  roi^hing  tool,  and  then 
bent  over  to  the  right  or  left  hand  as  required. 
These  tools  are  mostly  employed  in  the  lathe 
to  remove  a  limited  amount  of  metal,  and  for 
that  reason  they  are  ground  to  an  acute  angle 
(Fig-  335)- 

When  engaged  in  planing  or  turning  work 
of  the  heavier  classes  a  more  obtuse  angle  is 
given,  and  therefore  deeper  cuts  are  taken.  To 
make  the  surface  even,  and  to  obtain  a  sharp 
corner,  a  knife  tool  similar  to  Fig.  336  is  used; 
also  to  shorten  any  shaft  the  crank  and  side 
or  knife  tool  are  employed.  A  knife  tool  should 
cut  freely  on  the  blade,  and  should  not  be  used 
to  act  on  the  extreme  point.  When  correctly 
made  and  carefully  manipulated,  it  is  the  best  of  all  cutting  tools.  This 
tool,  made  with  a  slightly  rounded  point,  answers  equally  well  as  a 


J 


\ 

1 

B      Section  ON  A  B 

Fig.  336.— Knife  tools. 

surfacing  or  sliding  tool,  and  when  forged  similar  to  Fig,  337,  is  one  of 
the  stoutest  cutting  tools  employed  on  either  mild  steel  or  cast  iron. 
There  should  be  a  slight  bend  immediately  at  the  root  of  the  blade, 
so  that  when  presented  to  the  work  the  point  does  not  operate  until 
after  the  leading  side  has  well  commenced  to  cut. 

It  will  be  noticed  that  this  is  an  easy  example  to  forge,  the  angle 
being  obtained  by  simply  cutting  away  the  upper  face,  say,  for  ijin.  long, 
and  from  the  centre  of  the  steel,  i.g.  J  in.  terminating  the  cut  near  the 
top  edge,  or  cutting  edge,  of  the  tool,  the  clearance  angle  being  formed 
by  the  use  of  the  flattener. 

Side  tools  are  not  always  forged  with  a  hook,  especially  in  roughing 
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out  small  articles,  such  as  cast-iron  blanks  for  gear  wheels,  where  the  ! 
rim  of  the  wheel  is  not  far  in  excess  of  the  dimensions  of  the  boss.  A  i 
pair  of  tools  for  this  class  of  work  are  foiled  much  the  same  as  Fig. 
34 3A,  and  are  made  in  the  first  instance  by  drawing  down  the  steel  taper. 
These  side  tools  are  ground  so  as  to  cut  on  both  sides  and  front,  and 
by  altering  their  position  in  the  rest,  they  will  do  as  much  work  as  a 
stronger-looking  tool.  They  are  made  to  an  angle  of  about  80°.  They 
are  much  used  as  "  necking  "  tools,  and  in  turning  up  the  throws  of 


Q 


^ 


Fig.  337.— Stiff  knife  tool. 

crank  shafts,  where,  owing  to  the  limited  space,  a  broad  tool  could  not 
be  used.  A  good  finish  is  afterwards  given  to  the  work  by  the  use  of  a 
spring  tool  (see  Fig.  338),  which  is  also  provided  with  a  rounded  comer, 
made  in  the  first  place  by  filing  the  tool  to  accurately  fit  a  radius  gauge 
or  some  other  curvature. 

Let  it  be  supposed  that  a  journal  is  to  be  turned  in  a  shaft  with  ^in. 
radius  at    each   end   of   the 
bearing:    a    pair    of   gauges 
I     would  be  employed.     These 

1     gauges,  being  accurately  i-jn. 

radius,    will    fit    each    other 

precisely,  "and  the  spring  tools 

1     are  carefully  filed  to  coincide 

I      with  them,  so  that  when  the 

"  brasses "    are    brought   into 

Sphikg  Tool.  their  respective  places,  there 

p,c  238  is  perfect  agreement  over  all 

the  surfaces  in  contact.   These 

tools  are  used  sometimes  for  finishing  "  plate  "  gear  wheels  in  both  radius 

work  and  on  the  flat.     A  spring  tool  should  never  be  used  on  a  surface 

of  cast  iron  until  all  the  scale  has  been  removed  by  the  other  tools ;  any 

deep  cutting  attempted  may  at  once  destroy  the  keen  cutting  edges,  or 

cause  the  tool  to  dig  into  the  work  and  spoil  it. 

Parting  tools  are  used  to  divide  shafts  or  similar  work  into  two  parts 
while  revolving  in  the  lathe,  and  therefore  require  a  good  clearance  on 
both  sides  (see  Fig.  339,  AB,  C).     Very  large  shafts,  however,  are  not 
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usually  divided  asunder,  but  are  cut  to  a  small  diameter,  and  finally  broken 
off.  Slender  shafts  may  be  cut  through  with  a  parting  toolj  but  the 
practice  is  to  support  the  work  with  stays  during  the  process. 

When  cutting  a  surplus  piece  of  iron  or  steel  from  a  huge  casting  or 
forging,  and  the  waste  piece  has  to  be  broken  off,  there  is  a  possibility  of 
the  fracture  being  irregular,  and  for  it  to  enter  the  face  of  the  finished 
portion.  This  tendency,  however, 
can  be  considerably  reduced  by 
gently  hammering  the  end  face  of 
the  piece  to  be  broken,  the  usual 
result  being  that  a  portion  sometimes 

equal   to  the  width   of  the  parting 

tool  is  left  for  subsequent  dressing. 

The    more   brittle    the    metal,   the 

straighter     the    fracture    when    the 

above  method  is  adopted. 

Parting  tools  used  on  face  plate 

work    have    to    be    specially    made 

with  a  clearance  greater  on  one  side 

than  the  other,  and  the  depth  of  the 

tool  much  less  than  is  generally  used 

on  work  riding    between    the   lathe 

centres.     The  smaller  the  diameter 

of  the  work,  the  shallower  the  tool 

has  to  be  made.     This  is  obvious,  as 

is  seen  in  Fig.  341.     It  is  a  good 

plan  to  strike  two  circles  on  a  board, 

and  make  the  tool  clearance  accord- 
ingly.    There  should  be  no  doubt  as 

to   the    tool's   correct    shape   when 

presented  to  the  work,  as  error  in  this  respect  is  likely  to  cause  it  to 

jam  or  break  off.     A  parting  tool  vibrates  more  than  any  other,  and 


Partiho  Tools. 


Fic.  339- 


Fig.  341. 

therefore  must  have  a  suitable  clearance  at  each  side  and  at  the  front. 
A  14-in.  smooth,  flat  file,  with  the  tang  removed  and  the  end  upset, 
makes  a  capital  parting  tool  for  work  of  8  in.  or  10  in.  diameter.    The 
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file  must  be  annealed  throughout,  the  cutting  nose  alone  being  hardened 
and  tempered.    A  support  may  be  given  to  the  extended  portion  of 

the  tool  by  placing  a  slender  bolt  with  nut  between  the  under  surface 
of  the  tool  and  the  upper  surface  of  the  cross  slide. 

Parting  tools  are  also  used  when  planing  out  grooves  in  machine 
beds  or  tables ;  these  also  require  to  be  made  with  plenty  of  side 
clearance,  to  enable  the  operative  to  lift  the  tool  clear  of  the  groove 
during  each  return  stroke  of  the  table. 

Following  these  are  undercutting  tools,  made  in  pairs — right  and  left 
hand — shown  in  Fig.  342.  Since  the  total  width  of  A  and  B  must 
be  fractionally  less  than  the  groove,  it  is  necessary  lo  divide  the 
metal  forming  the  tool  very  carefully;  because  the  tool  is  used 
with  a  side  thrust,  there  is  a  tendency  for  it  to  spring  away  from 
its  cut,  causing  D  to  collide  with  the  walls 
of  the  groove.  This  will  be  clearly  under- 
stood by  an  example.  Suppose  a  tee  slot 
's  to  be  made  in  a  machine-table  casting, 
into  which  a  |-in.  bolt  head  must  pass. 
The  bolt,  measuring  i^  in.  across,  will 
need  a  groove  cutting  i^  in.  wide  over 
all,  that  is,  |  in.  full  each  side  the 
central  groove.  It  is  therefore  obvious 
that  any  excess  of  metal  on  A  or  B  will 
cause  the  tool  to  jam  and  break,  since  it 
has  to  be  lifted  at  every  stroke. 

Undercutting  tools  used  in  Ihe  lathe 
have  to  be  made  specially  for  lathe  use,  for 
the  reason  explained  in  making  tools  for 
face  plate  work.  The  smaller  the  diameter 
of  the  job  to  be  undercut,  the  greater  the 
clearance  the  tool  must  have,  and  the 
greater  ihe  care  in  making  and  in  using 
the  tool.      The  process  is  slow,  and  not  an 

UNDERCUTTING.  g^y     jg^ij.     if     ji^g     jjjgjgi     pj.Q^gg     [j^j.^^     fg^ 

Fig.  342  since    the  tool   cuts  equal  to    its  breadth, 

there  is  considerable  vibration,  which  is 
intensified  by  the  unavoidable  distance  from  the  cutting  edge  to  the 
point  of  support. 

It  is  very  important  not  to  have  these  tools  extending  from  the  tool 
support  any  more  .than  is  absolutely  necessary.  Instead  of  tee  slots, 
dovetail  slots  are  frequently  put  in  circular  work,  there  being  less  metal 
cut  away.  There  is  a  decided  advantage  in  this,  where  there  is  a  limited 
amount  of  metal  to  carry  the  bolts.  An  additional  strength  is  therefore 
obtained  by  this  means,  and  the  bolts  move  much  easier  when  made 
in  this  way  than  is  the  case  where  tee  slots  are  used.  A  straight  parting 
tool  is  first  inserted,  then  a  pair  of  tools  are  required  similar  to 
Fig-  343*- 

In  making  these  tools  it  is  advisable  to  first  describe  two  circles 
equal  to  the  smallest  diameter,  and  the  one  on  the  upper  side  of  the 
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parting  tool  respectively.  This  will  at  once  show  the  minimum  amount 
of  clearance  the  tools  must  have ;  or,  taken  the  other  way,  it  shows  us 
when  too  much  clearance  is  given  to  the  tools,  A  tool  with  too  much 
clearance  is  liable  to  dig  and  jar.  This  is  because  the  cutting  edges 
are  too  keen,  i.e.  not  backed  up  with  a  suitable  amount  of  metal. 

A  recessing  tool  is  one  having  square  end  and  sides,  that  is,  a  portion 
standing  at  right  angles  to  the  body  of  the  tool,  the  width  being  made 
suiuble  to  the  requirements.  In  appearance  it  is  very  similar  to  an 
undercutting  tool,  though  usually  much  narrower,  and  not  so  strong. 
It  is  used  to  make  a  recess  at  the  end  of  a  blank  hole,  into  which  an 
inside  screw-cutting  tool  may  be  run  when  commencing  to  cut  or  to 
finish  cutting  an  internal  screw.     This  type  of  tool  is  also  used  to  part 


Fig,  343A.— Dovetail  cutting  tools. 

off  piston  rings  from  a  cast-iron  hoop  after  they  have  been  bored  and 
turned  to  the  sizes  of  small  cylinders,  etc.  A  recessing  tool  is  made 
with  clearance  the  same  as  a  straight  parting  tool,  being  a  little  narrower 
at  the  shoulders  than  at  the  cutting  end  of  the  tool  (Fig.  340), 

Screw-outting  Tools. — The  tools  used  for  cutting  square-thread 
screws  are  forged  roughly  to  the  required  shape,  and  then  finally  dressed 
to  the  proper  dimensions  by  grinding  or  filing.  Square-thread  screws 
have  an  inclination  towards  the  right  hand  or  left  hand,  which  is  decided 
by  the  use  of  a  right-hand  or  left-hand  cutting  tool,  also  by  the  direction 
of  the  movement  of  the  lathe  saddle,  whether  caused  to  travel  to  the 
right  or  left  along  the  bed.  The  motion  given  to  the  lathe  spindle 
which  drives  the  work  is  thus  in  one  direction  only,  viz.  towards  the 
workman.     A  right-hand  screw  thread  has  the  threads  leaning  towards 
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the  left,  and  conversely  a  left-hand  screw  thread  has  threads   leaning 

towards  the  right.     (Fig,  344,) 

The  amount  of  obliquity  is  governed  by  two  factors,  the  dianteter  of 
the  screw,  and  by  the 
pitch.  Let  us  take  an 
example  in  a  Whitworth 
screw  of  i-in.  diameter 
made  with  a  square 
thread.  Here  there  are 
four  threads  per  inch,  or, 
as  it  is  commonly  called, 
a  screw  of  j-in.  pitch. 
Now,  a  pitch  of  a  screw 
always  includes  a  thread 
and  a  space,  therefore 
the  width  of  the  cutting 
tool  must  be  \  in.,  while 
the  side  rake  is  obtained 
by  takir^  a  point  on  a 

Fig.  34 3b.— Whitworth  standard  screw-pilch  gauge.      vertical  line  at  a   height 
from    the  base  equal  to 


Sharp  V  thread,  angle  60°. 


hread,  angle  55".  Selleis  ur  U.S.A.  standard  thread,  angle  60°. 


Buttress  thread,  angle  45°. 
Fig.  344.- V 


Acme  thread,  angle  29°, 
IS  forms  of  screw  threads. 

\\    times  the  diameter  of  the  work.    Then  by  marking  the  distance 
equal  to   half   the  pitch  on  a  horizontal  line,  a  line  is  then  drawn 
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joining  these  points,  which  at  once  gives  the  inclination  or  side 
rake  fiie  tool  must  have.  The  angle  thus  obtained  applies  to  the 
making  of  both  right  and  left-hand  screw-culting  tools,  but  it  should 
be  noted  that  only  one  side  of  the  tool  is  treated,  viz.  the  leading 
side ;  the  following  side  is  simply  made  to  clear. 

This  point  is  not  always  understood   in  tool   making,  and  conse- 
quently more  clearance  is  given  to  ihe  following  side  than  is  necessary. 


€) 


Fi 


Sqviaie-thread 
..  341A. — Screw-cutting 


thereby  weakening  the  tool.     A  tool  should  not  be  given  so  much  side 
rake  as  to  enable  it  to  cut  both  right-  and  left-hand  screws. 

The  tools  illustrated  in  Fig,  344A  have  been  made  to  cut  a 
screw  and  nut,  \  in.  pitch,  with  two 
starting  places.  The  diameter  of  the 
screw  is  15  in.  It  will  be  observed 
that  the  extended  portion  of  the  tool  is 
on  the  leading  side;  this  is  for  con- 
venience when  cutting  a  thread  which 
extends  close  to  a  shoulder.  Referring, 
again,  to  the  angle  or  side  lake  of  a 
screw-cutting  toot.  Another  method  is 
to  take  the  circumference  of  shaft  and 
the   pitch   and   make   a    diagram 


\  Angle  of  J00I 


-Pitch-: 


;■  345- 


Fig.  345. — Screw-cu It ii^  gauge. 


For  coarse  threads,  the  best  plan  is  to  make  a  gauge,  then  forge 
and  twist  the  tool  to  suit  it.  This  gives  satisfactory  results,  as  there 
is  less  subsequent  dressing.  The  internal  tool  is  made  from  a  short 
piece  of  steel,  which  is  fitted  in  the  slot  of  a  tool  bar ;  the  slot,  being 
a  little  taper,  secures  the  tool.  A  further  security  is  effected  by 
gripping  the  tool  side  by  a  set  screw  placed  at  the  end  of  the  bar. 
By  having  the  slot  made  obliquely,  the  tool  may  be  made  to  cut  up 
to  a  shoulder.  When  this  is  not  done  the  tools  must  be  forged  from 
bar  steel. 

Screw-ontting^  Etaoj^. — A  very  useful  form  of  gauge  is  shown  in 
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Fig.  346,  which  is  convenient  at  the  lathe  in  setting  the  tools  for  cutting 
internal  and  external  screws,  and  for  a  number  of  other  purposes 
illustrated  in  the  diagrams. 

When  making  screw-cutting  tools  the  gauge  is  used  as  shown   in 


Fig.  8.  Take  a  piece  of  sheet  metal  with  one  edge,  A,  true.  Then  lay 
off  line  B,  the  same  distance  from  the  edge  A  as  the  diameter  of  the 
screws  to  be  cut,  then  draw  line  C  at  right  angles  to  A,  and  from  hne 
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C  on  line  A  measure  off  half  the  pitch  D,  and  draw  line  E,  which 
will  be  the  angle  or  rake  required  for  the  tool.  The  gauge  is  set  as 
shown  in  Fig.  i,  and  applied  as  shown  in  Figs,  z  and  3.  When  the 
gauge  is  set  to  suit  any  right-hand  thread,  by  simply  turning  it  over  it  is 
suitable  for  left-hand  threads.  When  cutting  vee  threads  the  gauge 
may  be  used  to  test  the  grinding,  and  for  setting  the  tool  properly  in 
the  lathe. 

Fig.  4  shows  a  screw  thread  being  tested  for  accuracy  by  means  of 
the  60'  point  of  the  gauge.  Screws  having  odd  pitches  may  also  be 
tested  for  depth  and  angle  of  thread,  also  for  correct  setting  of  the  tool 
in  the  lathe  {see  Figs.  5  and  7).  Square  threads  are  gauged  by  means 
of  the  tongue  and  scale  {Fig.  6). 

HacMning  Copper. —  Copper  may  be  cut  at  a  much  higher  rate  of 
both  speed  and  feed  than  any  of  the  alloys,  as  brass,  gun-metal,  etc., 
providing  the  tool  is  so  formed  as  to  get  rid  of  the  chips  easily,  and  that 
a  copious  supply  of  lubricant  is  used,  preferably  soap  and  water.    The 
tool  best  suited  for  the 
purpose  is  well  fluted  or 
hollowed  out    so  as   to 
give  a  decided  lead  to 
the  cutting  edge,  and  at 
the     same    time    be     so 
formed  as  to  give  ample 
room  for  the  chips  to  get 
away  from  the  tool  nose. 
"Copper  stays"  treated 
in     the    above    manner 
may    be    turned    in    a 
hollow  spindle  lathe,  the 
thread  cut  and  finished,  and  parted  off  in  a  few  minutes. 

Tool  Holders. — For  a  general  class  of  work,  that  is,  straightforward 
cutting,  tool  holders  are  more  economical  than  tools  forged  from  the 
bar.  The  cutting  tools,  i.e.  the  short  pieces  of  steel,  are  frequently 
ground  into  shape  without  any  smithing  being  necessary.  Steels  of  a 
high  grade,  and  those  of  the  air-hardening  class,  are  used  preferably  to 
carbon  or  tempering  steels.  A  very  useful  kind  is  "  Novo  steel."  This 
air-hardening  steel  is  extremely  hard,  and  since  it  has  the  property  of 
■  carbon  steels,  which  may  be  annealed,  tools  can  be  formed  and  filed 
into  any  required  shape  before  hardening. 

The  greatest  advantage  of  a  tool  holder  is  the  rigidity  it  affords  to 
the  cutting  edges  of  the  tool.  This  admits  of  higher  speeds  and  coarser 
feeds  than  could  be  obtained  from  bar-steel  tools,  unless  of  specially 
large  sections. 

Turning  and  planing  tools  by  Messrs.  Smith  and  Coventry  are  shown 
in  Figs.  347  and  348.  The  tool  shanks  are  of  mild  steel,  slightly  cranked 
at  the  end,  with  a  hole  bored  at  a  suitable  angle  to  give  the  proper 
clearance.  A  piece  of  round  steel,  with  the  end  ground  obliquely,  forms 
the  tool ;  the  amount  of  this  obliquity  is  decided  by  means  of  a  gauge. 
Fig.  333  is  a  gauge  used  in  setting  the  tool  to  the  height  of  the 
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lathe  centre,  instead  of  running  down  the  cross  slide  and  actually  setting 
the  tool  to  the  centre  point. 

Examples  of  vertical,  horizontal,  and  angular  planing  are  shown  in 
Fig.  348. 

Fig.  549  ("Allen's"  patent)  consists  of  a  similar  holder  to  the  above. 


Fig.  347, — Tool  holder. 


Fig.  348.— Tool  holder  at  work. 


but  in  this  the  tools  are  serrated  at  the  back,  and  secured  by  means  of  a 
serrated  wedge  instead  of  the  set  screws. 

A  holder  in  which  the  tools  may  be  swivelled  to  an  angle  is  shown 
in  Fig.  350,  by  the  same  makers. 


Fin.  349.— Tool  holder. 


Fig.  350.— Swivel  tool  holder. 


"Snndale"  Tool  Holder. — The  tool  holder  shown  in  Fig.  351  is 
by  Messrs,  Selig-Sonnenthal.  The  tools  are  made  of  ordinary  square 
steel,  and  can  be  swivelled  (as  shown  by  the  dotted  circle)  to  suit  the 


Firr.  351. — Swivel  lool  holder. 

work.  When  adjusted,  the  tool  is  locked  by  means  of  the  serrated  teeth 
engaging  with  the  forward  part  of  the  holder,  the  grip  being  obtained 
by  the  large  nut  beneath. 
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Cutting  Tools  for  Planing  Hachinea. — Tools  used  in  planing  metal 
are  made  with  a  minimum  amount  of  clearance  beneath  the  cutting 
edges.  They  are  much  simpler  to  set  than  lathe  tools,  and  are  generally 
much  more  hulky  (Fig.  352).  There  are  several  reasons  why  planing 
tools  are  forged  and  ground  differently  to  turning  tools.  Firstly,  the 
planing  tool  must  be  strong,  with  the  cutting  edges  well  backed  up  with 
a  substantial  hody  of  metal.  This  body  may  be  above  the  bar,  so  that 
heat  may  be  carried  away  as  it  is  generated.  Greater  depths  of  cut 
and  greater  distances  from  the  tool  box  are  further  causes  why  planing 
tools  must  be  stouter  than  turning  tools.  Long  cast-iron  beds  and 
heavy  forgings  in  wrought  iron  and  mild  steel  are  frequently  made  with 
surfaces  so  uneven  as  to  need  a  depth  of  cut  considerably  in  excess  of 
those  suitable  for  works  of  a  shorter  length. 

In  planing  the  work  is  "  under  cut "  for  a  longer  period  than  most 
lathe  work,  which  is  a  further  reason  for  stiffness  of  the  cutting  tool. 
In  the  second  place,  there  is  a  tendency  for  the  shavings  to  "  crowd  " 
about  the  tool  nose.  This  is  due  to  the  compression  of  the  metal  in  the 
direction  of  the  cat.     To  reduce  this  compression  (and  its  consequent 
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FrG.  352.— Plan bg  tools. 

friction)  to  a  minimum,  the  cutting  tools  must  be  formed  with  a  proper 
cutting  angle,  i.e.  top  rake  and  side  rake.  What  is  really  necessary  is 
to  curl  the  shavings  from  wrought  iron  and  mild  steel  to  one  side  of 
the  tool,  so  that  the  strain  on  the  machine  and  the  friction  on  the  tool 
shall  be  as  little  as  possible. 

The  amount  of  top  rake  for  planing  tools  is  very  little,  but  this  can 
be  made  up  by  an  increased  side  rake  in  the  direction  of  the  cut.  The 
tools  are  also  governed  by  the  fitting  of  the  horizontal  and  vertical 
slides ;  these  cannot  be  too  good  a  job.  When  horizontal  planmg  is 
being  done,  there  should  be  an  increased  tension  put  on  the  set  screws 
of  the  vertical  slide  "  strip,"  and  vice  versA.  This  will  tend  to  reduce 
the  vibration,  and  give  a  better  finish  to  the  surface  of  meUl  cut. 

Profile  Tool  Steel.— The  various  tools  illustrated  in  Fig.  353  are 
made  from  profile  steel.  In  order  to  reduce  the  weight  of  the  cutting 
tools,  special  rolls  and  dies  are  employed  in  the  manufacture  of  this 
steel,  and  it  is  further  claimed  that  tools  foiled  from  these  bars  are 
more  quickly  made  than  those' forged  from  bars  of  rectangular  steel. 
By  thus  giving  to  the  bars  a  similar  contour  of  the  cutting  tool  required, 
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Fig.  353c. — Piofile  steel  turning  tool. 


■■  353E— Expanding 


drilled  holes  smooth,  true,  and  up  to  standard  size.  There  are  two 
kinds — parallel  and  taper. 

Parallel  or  "  standard"  reamers  are  stocked  in  all  sizes  from  5  in.  to 
2  in.  diameter. 

"  Taper  reamers  "  are  stocked  when  "  turned  "  to  the  "  Morse  taper,-" 
but  otherwise  they  are  made  to  specification. 
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Making  a  Reamer. — A  suitable  length  is  cut  from  a.  bar  of  high- 
grade  tool  steel  and  thoroughly  annealed. 

Taper  Shank. — The  shank  is  turned  to  a  "  Morse  gauge,"  and 
the  parallel  portion  tnade  a  little  in  excess  of  the  finished  size 
required. 

Ctttlitig  Edges. — The  cutting  edges  are  formfed  by  milling  a  series  of 
grooves  at  regular  intervals  (see  "  Milling  Reamer,"  Chap.  XII.),  running 
lengthwise,  each  groove  being  backed  by  a  cutter,  to  give  a  suitable 
clearance  in  the  larger  reamers.  Those  of  the  smaller  sizes  are  backed 
off  by  an  emery  wheel, 

Hardemd  and  tempered. — The  reamer  is  then  hardened  and  tempered, 
and  finally  the  teeth  or  cutting  edges  are  sharpened  on  an  emery  grind- 
ing machine.  This  grinding  is  continued  until  the  standard  size  has 
been  obtained,  and  the  tool  will  cut  the  walls  of  a  hole  smoothly  to 
admit  the  gauge. 

Efficiency. — A  good  reamer,  having  its  cutting  edges  properly  fluted 
and  spaced  apart,  will  admit  of  re-sharpening  many  times  without  losing 
its  efficiency. 

Hints. — To  maintain  this  efficiency,  these  tools  must  be  kept  sharp 
and  clean,  allowed  a  minimum  amount  of  metal  to  be  removed,  and 
inserted  into  holes  which  have  been  drilled  or  bored  thoroughly.  The  ■ 
converse  of  these  three  rules  is  disastrous  to  good  reamers.  A  dull  and 
dirty  reamer  clogs  and  heats.  An  undue  amount  of  metal  to  be  re- 
moved causes  end-wear,  and  therefore  much  friction,  and  consequently 
reduction  of  speed. 

Cored  Holes. — A  hole  only  partially  tooled  may  have  sand  or  scale 
left  from  the  "  core,"  either  of  which  at  once  destroys  the  finely  sharpened 
cutting  edges  of  the  reamer. 

Hand  Reamers, — Reamers  which  are  for  hand  use  are  made  with  a 
square  on  end  of  shank  to  receive  a  tap  wrench.  These,  however,  are  not 
much  used,  owing  to  the  improved  facilities  of  drilling  and  reamering 
out  work  either  by  the  aid  of  pneumatic  or  electric  power  drills,  which 
may  be  taken  and  located  anywhere  near  the  work. 

Portable  Appliance.— See  "  Portable  Drills,"  p.  68. 

Expansible  Reamers.— S.^^3.a%ib\^  reamers  are  convenient  inasmuch 
as  they  are  capable  of  enlaigement.  They  are  therefore  useful  in  jobbing 
workshops,  where  holes  may  be  required  other  than  precise  standard 

Construction. — After  a  solid  reamer  has  been  made,  it  is  then  divided 
and  slit  through  to  the  centre  in  three  places  by  a  thin  saw  in  the 
milling  machine,  a  hole  is  driUed  and  tapped  down  the  end  of  the 
reamer,  and  a  slender  screw  having  a  conical  head  in  inserted.  The 
adjustment  is  effected  by  regulating  this  screw.  It  should  be  noted 
that  in  this  class  of  reamer  there  are  some  cutting  edges  more 
prominent  than  others,  and  these  get  the  brunt  of  the  work,  which 
is  a  defect. 

Hardening  and  tempering  Steel.  Cutting  Tools  and  Springs.—'Vhs 
proper  stee!  for  cutting  tools,  saws,  and  springs  is  a  refined  quality, 
called  crucible  cast  steel,  or  "tool"  steel.     There  are  lower  grades  of 
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steel,  that  is,  steel  containing  a  less  percentage  of  carbon,  called  mild 
steel.  These,  however,  form  a  distinct  class,  not  intended  to  make  cutting 
tools.  It  is  important  for  a  student  or  apprentice  to  note  this,  because, 
to  a  beginner,  there  is  little  difference  noticeable  from  external  appear- 
ance. However,  if  we  cut  a  piece  from  a  bar  of  refined  tool  steel,  and 
another  piece  from  a  bar  of  mild  steel,  and  exanaine  both  fractures,  we 
see  a  dense  close-grained  leaden  appearance  on  the  tool  steel  (see 
F^.  57,  p.  47),  while  the  mild  steel  is  considerably  coarser  and  open- 
grained. 

Another  distinctive  feature  in  tool  steel  is  the  sharp  comers  of  the 
square  or  rectangular  sections,  and  the  almost  perfect  roundness  of  the 
circular  sections,  although  there  are  some  brands  of  mild  steel  used 
in  turret  lathes  which  leave  nothing  to  be  desired  either  in  truth  or 
smoothness.  A  further  test  may  be  made  by  striking  the  steel  a  sharp 
blow.     When  it  is  tool  steel  a  clear  ringing  sound  is  emitted. 

There  are  two  distinct  processes  in  hardening  and  tempering,  A 
piece  of  tool  steel,  heated  to  a  blood-red  heat  and  quickly  plunged  into 
a  trough  of  cold  water,  will  be  found,  when  cold,  to  be  very  hard — too 
hard  for  use  as  a  cutting  tool ;  that  is  to  say,  a  properly  shaped  cutting 
tool,  treated  in  the  above  fashion,  and  ground  to  the  angle  most  suited 
to  the  work,  will  not  retain  the  cutting  edges,  especially  Jn  heavy  classes 
of  work.  The  same  tool,  again  heated  and  quickly  quenched,  may 
be  subsequently  tempered  to  any  desirable  degree  of  hardness  in  one 
of  the  following  ways  ; — 

The  best  plan,  after  the  tool  has  been  hardened,  is  to  brighten  one  or 
more  of  the  tool  facets,  usually  the  part  below  the  cutting  edge,  with  a 
piece  of  sandstone ;  or,  better  still,  a  fitter's  polishing  stick,  quickly 
rubbed,  will  make  a  cleaner  polish  (tiiis  is  done  so  that  the  temper  may 
be  detected  easily).  A  short  length  of  flat  or  square  iron  is  heated  and 
laid  on  the  anvil,  with  the  cutting  portion  of  the  tool  above  it ;  the  heat 
is  soon  absorbed  by  the  steel,  and  colours  begin  to  ran  down  towards  the 
tool  nose.  These  prismatic  colours  indicate  the  various  degrees  of  hard- 
ness, and  as  they  rapidly  travel  there  is  no  time  to  lose  when  the  proper 
colour  has  arrived.  The  tool  is  instantly  quenched,  and  not  removed 
from  the  water  until  it  is  cold.  Another  plan  is  to  heat  up  the  tool 
nose  and  then  hold  the  steel  vertically,  with  the  heated  portion  just 
immersed  in  the  bath,  for  eight  seconds,  then  brighten  one  facet  very 
quickly  and  look  for  the  colours.  This  time  they  will  be  more  com- 
pact ;  hence  there  is  more  need  to  be  alert,  or  they  will  be  gone  before 
the  steel  is  quenched. 

The  second  method  is  much  quicker  than  the  first,  but  it  is  not  so 
good.    There  are  two  important  reasons  for  this — 

1.  In  partially  quenching  steel  the  outer  section  alone  is  aflfected,  and 
there  is  contraction  of  the  cooled  parts,  but  the  internal  molecules  are  in 
a  state  of  expansion,  and  thus  there  is  a  stru^le  between  them,  with  the 
result  that  the  tool  cracks  to  settle  matters. 

2.  The  tempered  part  is  too  local,  and  a  tool  in  daily  use  requires 
hardening  and  tempering  more  frequently,  which  is  detrimental  to  the 
quality  of  the  steel. 
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It  is  important  to  note  that  steel,  after  heating  and  quenching,  should 
not  be  removed  from  the  cooling  liquid,  whether  water  or  oil,  until  it  Js 
of  the  same  temperature  as  the  atmosphere. 

A  pair  of  ball  hearings  of  large  diameter  were  hardened,  and  placed . 
upon  the  bed  of  a  machine  in  which  they  were  to  be  polished.  There 
was  a  considerable  distance  between  the  smithy  and  turnery,  and  after 
the  bearings  had  lain  for  several  minutes,  one  of  them  exploded,  bursting 
uniformly  at  a  weak  section.  This  proves  what  has  been  already  stated, 
and  also  shows  us  that  steel  changes  its  form  during  hardening ;  and, 
further,  that  when  a  thin  section  is  attached  to  two  thick  sections,  the 
cooling  of  the  thin  section  seems  to  be  too  rapid  for  the  thick  parts, 
and  the  result  is  either  a  fracture  or  buckling. 

There  are  internal  stresses  in  the  material  which  are  set  up  during 
the  process  of  foiling,  hence  all  forgings  are  finally  annealed.  This 
removes  these  stresses  to  some  extent,  but  never  fully.  The  worst  cases 
are  those  where  there  is  considerable  difference  in  the  dimensions  of  the 
object.  To  make  hardening  and  tempering  quite  cleat,  let  us  take  a  few 
familiar  examples. 

1.  To  harden  a  scriber,  the  point  should  he  heated  -to  a  blood-red 
heat  and  quickly  quenched, 

2.  To  harden  a  scraper  for  cast  iron  it  should  be  heated  to  a 
bright  red  and  slaked  off. 

3.  To  harden  and  temper  a  chipping  chisel  it  must  be  heated  to  a 
blood-red  heat,  about  1  in,  from  the  cutting  edge,  and  then  ^  in.  of  its 
length  slaked  and  quickly  brought  to  the  anvil  and  rubbed  with  sand- 
stone until  a  light  purple  colour  appears,  when  it  is  instantly 
quenched, 

4.  To  harden  and  temper  an  elastic  coil  spring  it  must  be 
uniformly  heated  over  the  fire  to  redness  and  slaked  in  oil,  then  held 
high  above  the  fire  imtil  the  oil  fiashes,  and  finally  slaked  in  water 
or  oil. 

5.  To  harden  and  temper  a  boring  cutter  it  is  heated  to  cherry  red 
and  slaked  out ;  when  cold,  it  is  removed  and  one  side  polished.  If 
small,  a  pair  of  tongs  heated  will  draw  the  temper,  which  should  be  a 
dark  straw  colour.  Cutters  of  larger  sizes  are  placed  in  the  fire  so  that 
only  one  end  will  get  hot.  This  may  be  hardened  similarly  to  No.  3, 
with  this  exception,  the  chisel  is  held  vertically  while  quenching,  but  the 
cutting  edges  of  the  boring  cutter  .should  be  at  an  equal  angle  to  the 
surface  of  the  water,  viz.  45  .  This  will  harden  the  tool  just  where  it  is 
wanted  to  be  hard,  and  only  there.  If  this  is  done,  the  cutter  will  "stand" 
better,  because  the  heels  are  soft ;  and,  furtherj  when  roughing  heavy  and 
irregular  cuts,  there  is  considerable  stress  on  the  cutter  in  two  opposite 
directions,  each  tending  to  break  it  off  near  the  bar,  therefore  the  central 
portion  is  best  left  soft.     (Fig.  354.) 

6.  To  harden  and  temper  a  "master  tap."  Before  hardening  fill 
the  vee  grooves  and  between  the  threads  with  soft  soap  ;  this  will  protect 
the  threads  and  cutting  edges  from  the  fierceness  of  the  fire.  Heat  up 
to  blood  red  and  quench  in  oil,  then,  when  quite  cold,  thoroughly  clean 
the  tap  and  polish  each  groove.     A  wrought-iron  tube,  well  heated,  is 
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best  for  the  purpose  of  tempering.  This  is  obvious,  because  the  heat  from 
the  tube  pours  in  ail  directions  over  the  tap ;  thus  a  unirorm  colour  is 
obtained.  The  proper  colour  is  dark  straw.  Oil  hardening  increases  the 
strength,  but  reduces  the  hardness.  Articles  heated  and  hardened  in  oil 
take  much  longer  in  cooling,  hence  the  slower  the  hardening  the  more 
elastic  the  steel  becomes. 

Example. — A  steel  coil  spring  heated  and  slaked  in  water  becomes 
quite  brittle,  and  may  be  crushed  to  fragments  instantly.  A  similar 
spring  slaked  in  oil  will  last  for  years. 

In  some  experiments  made  by  M.  Levat,  a  French  engineer,  in  the 
practice  of  tool  hardening,  it  was  found  that,  comparing  tools  hardened 
in  water  and  carbolic  acid  respectively,  the  results  were  in  favour  of 
carbolic  hardening. 

Contact  with  the  air  quickly  causes  hot  iron  and  steel  to  oxidize,  and. 
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Fig.  354. — Hardening  cutter. 

therefore  should,  as  far  as  possible,  be  prevented.  Small  articles  may  be 
placed  in  a  tube  along  with  charcoal,  and  after  plugging  the  ends  the 
tube  is  uniformly  heated  to  bright  redness.  By  unscrewing  one  plug 
the  articles  can  quickly  be  dropped  into  a  trough  of  water,  and  if 
properly  done  there  will  not  be  time  for  scales  to  form,  with  a  result  that 
there  is  little  polishing  necessary. 

Another  way  to  harden  steel  tools  is  to  place  them  in  heated  lead, 
and  afterwards  quickly  quenched  in  oil  or  water,  according  to  the  degree 
of  hardness  required.  There  is  much  to  be  said  in  favour  of  this  plan. 
The  temperature  of  the  heated  lead  can  be  raised  to  that  degree  best 
suited  for  the  purpose,  and  uniformly  kept  at  that  heat,  a  thermometer 
being  used  to  test  with.  That  is  where  the  gas  and  air  hardening 
apparatus  proves  useful.  The  articles  cannot  be  overheated,  as  is  the 
case  in  a  coal  or  coke  fire ;  even  when  not  placed  in  hot  lead,  but 
under  the  influence  of  the  flames,  the  supply  is  quite  under  control. 
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Tempering  Tests  for  Tools.— 


Light  i 
Slra 


Dark  straw 
Light  brown 
Dark  brown 
Light  purple 
Dark  purple 
Bright  blue 
Blue 
Dark  blue 


I,  2,  3,  4,  arc  suitable  tempers  for  mftchine-cutting  tools,  much  depending  upon 
the  quality  of  tbe  tool  steel  used,  a.nd  upon  the  nature  of  tbe  metal  Co  be  cut. 

5,  6,  7,  are  for  saws,  sets,  chisels,  and  other  percussion  tools. 

S,  g,  lo,  are  for  screw-drivers  and  some  kinds  of  springs.  Short  flat  springs  and 
coil  springs  are  heated  and  slaked  in  nil,  afterwards  "  flashed,"  f,f.  healed  until,  the 
oil  OD  their  surface  blazes,  then  finally  slaked  in  oil. 

The  above  remarks  are  to  be  considered  in  a  general  sense,  as  much 
depends  upon  the  quality  of  steel  from  which  the  springs  are  formed. 

Many  engineers  prefer  to  purchase  springs  from  spring  makers 
instead  of  making  them,  for  the  reason  above  stated. 
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CHAPTER   XV. 

FITTING,   ERECTING,    VICE    WORK,   AND    TOOLS. 

Hammers  and  their  Uses. — In  this  section  we  shall  enumerate  the 
various  kinds  of  hand  hammers  in  common  use,  and  give  a  few  notes 
on  the  fining  of  hammer  shafts.  These  hammers  are  foiled  from 
crucible  cast  steel.  Their  names  denote  the  uses  to  which  they  are  to 
be  put. 

Fitting  Hammers. — Fitting  hammers  (Fig.  355)  are  similar  in  form 
to  those  used  in  the  machine  and  forge  shops.  The  heads  weigh  from 
\\  to  2  lbs.     The  shafts  are  from  13  in.  to  18  in.  in  length. 

Hand  Chipping  Hammers. — Chipping  hammers  are  of  two  kinds. 
.  One  type  is  illustrated  in  Fig.  355.  The  other  type  is  similar,  save  that 
one  end  is  drawn  out  flat  so  as  to  form  what  is  termed  a  "  straight  pane." 


355. — Hand  chipping  liammers. 


Riveting  Hammers. — Riveting  hammers  usually  have  round  panes, 
though  for  certain  kinds  of  work  they  are  made  with  flat  panes.  Those 
used  for  small  work  are  much  smaller  and  lighter  than  fitting  hammers. 

Planishing  Hammers. — These  have  large  flat  faces.  They  are  used 
when  flattening  or  straightening  steel  bars,  strips,  plates,  or  saws  that 
have  become  buckled  or  bent  during  the  machining  process.  To 
"  planish  "  smoothly  without  bruising  the  material  is  a  most  diflScult  art. 
In  many  establishments  special  men,  called  "  planishers,"  are  employed 
to  do  such  work.  Lai^e  pieces  of  work  which  have  been  buckled  are 
usually  straightened  in  a  planishing  press. 

File  Forgers'  Hammers.— File  forgers'  hammers  have  heavy  heads 
and  short  shafts. 

Hand  File  Cutters'  Hammers. — These  vary  in  weight  from  a  few 
ounces  to  more  than  two  pounds,  according  to  the  size  and  grade  of  file 
to  be  cut.  The  shafts  are  fitted  obliquely  into  the  heads,  so  that  the 
file  cutter  may  hit  the  head  of  the  small  chisel,  which  he  holds  at  an 
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inclination  to  the  work,  by  means  of  a  small  wrist  movement  instead 
of  a  more  tiring  and  less  accurate  arm  movement. 

Sledge  or  Striking  Hammers. — The  weight  of  the  head  varies  from 
7  to  20  lbs.  The  faces  are  either  both  flat  or  one  is  rounded  and  one 
is  flat  The  shafts,  which  are  of  hickory  or  ash,  are  about  3  ft 
long.  These  hammers  are  foiled  from  steel  bars  in  a  smithy  having 
power  hammers. 

Fitting  Hammer  Shafts .—'\\C\z  appears  to  be  a  very  simple  job  until 
one  has  tried  it.  To  securely  fix  a  hammer  shaft  at  right  angles  to  the 
head  requires  a  considerable  amount  of  care.  The  axis  of  the  oval  eye 
in  the  hammer  head  into  which  the  shaft  is  to  be  fitted  is  parallel  to  the 
faces.  Its  section  is  least  at  the  centre  and  slightly  greater  at  one 
extremity  than  the  other.  With  a  pair  of  inside  calipers  find  which 
(see  Fig.  355)  is  the  narrowest  end  of  the  hole,  insert  the  shaft  through 
that,  so  that  the  wedge  when  driven  in  shall  expand  the  shaft  as  much 
as  possible,  and  so  make  the  head  very  secure. 

Before  the  shaft  is  inserted  it  will  have  to  be  pared  down.  Great 
care  must  be  taken'  that  both  sides  ate  pared  equally.  It  is  best  to 
gai^e  the  work  as  it  is  progressing ;  after  the  shaft  has  been  made  to 
enter  the  eye  in  the  hammer  head  it  may  be  driven  in  by  a  series  of 
steady  blows  from  a  wooden  mallet  delivered  upon  the  handle  end 
of  the  shaft  as  it  is  held  vertically  in  the  left  hand  with  the  hammer 
head  nearest  to  the  ground.  This  is  the  only  proper  way  of  driving  a 
shaft  into  a  hammer  head. 

When  the  shaft  has  entered  as  far  as  it  will  go,  place  it  horizontally 
in  the  vice  and  test  the  position  of.  the  head.  The  shaft  may  be  too 
tight,  or  the  head  may  not  be  on  quite  straight.  If  so,  after  chalking 
the  side  to  be  altered,  drive  out  the  shaft,  take  off  what  is  required  with 
a  rasp,  and  again  drive  in  the  shaft.  Repeat  this  operation  until  the  aft 
end  of  the  shaft  is  level  with  the  far  side  of  the  hammer  head.  Then, 
having  again  removed  the  head,  place  the  shaft  in  the  vice  and  saw  the 
V  slot  for  the  wedge.  This  should  be  nearly  as  long  as  the  hole  in  the 
hammer  head.  Then  insert  the  shaft  for  the  last  time,  and  drive  home 
the  wedge  while  the  shaft  is  held  in  the  left  hand.  It  is  far  better  to 
drive  home  the  wedge  while  the  shaft  is  thus  held  than  to  drive  it  while 
either  the  shaft  or  head  are  supported  in  the  vice.  Iron  wedges  are  not 
so  good  as  wooden  ones,  as  they  do  not  so  readily  fit  the  saw  slots,  and 
for  this  reason  sooner  become  loose. 

Tapping. — Tapping,  although  a  seemingly  simple  operation,  is  of 
importance  to  the  correct  fitting  of  screws,  studs,  or  holts. 

Set  of  Taps. — A_^///frfof  taps  (Fig.  356)  should  always  be  considered 
as  essential  to  make  a  full  threaded  nut,  i.s.  a  taper  or  leading  tap 
(Fig.  E)  to  start  with  should  enter  the  hole  without  pressure  or  being 
used  as  a  reamer. 

Taper  Tap. — Taper  taps  are  not  passed  through  holes,  but  cut  out 
a  way  for  the  second  tap  called  an  intermediate. 

Intermediate. — Referring  to  Fig.  A  it  will  be  noticed  that  the 
leading  threads  are  partially  cut  away,  this  being  done  to  ensure  the 
tap  entering  the  hole  previously  tapped  with  the  taper  one.    Intermediate 


Dcinz.aoy  Google 


312 


MACHINE    TOOLS  AND    WORKSHOP  PRACTICE. 


taps  should  on  no  account  be  used  singly,  as  they  are  not  constructed 
to  remove  all  the  metal  necessary  for  a  full  thread.  Small  taps  especially 
are  frequently  fractured  by  the  extra  strain  caused  by  this  abuse. 

Plug  or  Finishing  Tap. — Plug  taps  (D)  do  very  little  work,  they  are 
made  to  a  gauge  exactly  standard  size,  and  are  parallel  from  end  to 
end.  Their  function  is  simply  to  gauge  more  than  to  cut  the  holes 
previously  tapped. 

How  to  uae  Taps. — To  tap  a  hole  truly  straight  requires  more  care 


Fig.  356.— Set  of  hand  taps. 

than  some  imagine.  When  the  surface  around  the  hole  has  been 
machined,  or  otherwise  dressed  over,  the  task  is  less  difficult. 

How  to  start. — First  place  the  leading  tap  in  the  hole  and  lubricate 
the  threads;  then,  with  a  double  ended  wrench,  turn  the  tap  until  it  has 
sufficient  grip  to  hold  itself  upright. 

Gauge. — Now,  by  placing  a  square  on  the  surface  of  the  hole  and 
allowing  the  blade  to  enter  each  flute  of  the  tap,  the  parallel  portion 
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above  the  threads  will  al  once  show  when  the  tap  is  standing  perpen- 
dicularly. After  this  has  been  done,  the  tap  wrench  is  moved  about  one- 
third  of  a  circle  at  once  alternating  with  a  slight  movement  backward  to 
reduce  the  friction.  Further  tests  are  made  by  the  aid  of  the  square 
until  the  tap  will  stand  erect  in  any  position.  When  a  tap  commences 
to  go  in  a  crooked  path  a  slight  amount  of  pressure  given  to  the 
wrench  handles  will  usually  alter  this,  but  if  allowed  to  make  a  few 
threads  wrongly  there  is  little  chance  of  altering  the  course  of  the  tap, 
especially  where  it  is  important  for  the  nut  to  be  a  correct  fit  on  the 
screw. 

Horizontal  tapping  is  more  difficult  still,  because  it  frequently  occurs 
on  work  having  some  projecting  parts  which  prevent  the  use  of  a  double- 
ended  tap  wrench.  A  single-ended  tap  wrench  has  therefore  to  be  used, 
which  acts  much  as  a  crank  and  is  frequently  the  cause  of  taps  breaking. 
Fig.  F  is  a  master  tap  used  only  when  cutting  dies  or  chasers. 

Screwing^  with  Stocks  and  Dies. — To  produce  a  good  thread  so 
that  there  shall  be  no  ragged  or  fom  parts  from  end  to  end  of  a  screw 
requires  considerable  care  especially  as  the  screwing  nears  completion. 

Diameter  increases. — The  dies  cause  the  metal  to  "  flow  "  or  expand, 
so  that  if  tested  with  a  micrometer  gauge,  both  before  and  after  the 
threads  have  been  produced,  there  is  a  decided  expansion  noticeable. 
At  this  stage,  although  the  threads  are  fully  formed,  the  nut  will  not 
pass,  it  is  here  that  the  danger  of  stripping  presents  itself  the  most.  It 
is  much  the  best  plan  to  put  small  cuts  on  and  to  work  the  dies  always 
in  one  direction,  rather  than  to  make  the  dies  act  more  quickly  by 
giving  an  extra  grip  to  the  set  screw,  and  so  making  the  friction  on  the 
screw  threads  greater  than  the  screw  will  take,  when  either  the  tops  of 
the  threads  are  torn  ofif  or  whole  threads  are  pulled  out  and  the  screw 
spoilt. 

Use  of  Oil  in  Screwing:,  Tapping,  and  Reaming. — When  screwing, 
a  lubricant  is  indispensable  to  wrought  iron,  mild  steel,  crucible  cast 
steel,  copper,  vulcanite,  etc.  Cast  iron,  brass,  gun  metal,  phosphoi 
bronze  are  usually  screwed  without  lubricants.  Tapping  is  much  the 
same  as  screwing,  although  a  better  finish  is  obtained  in  cast  nuts  when 
a  lubricant  is  used ;  there  is,  however,  a  division  of  opinion  as  to  the 
economic  value  of  lubricating  either  taps  or  reamers  when  working  in 
cast  iron.  Holes  which  are  tapped  or  reamed  without  a  lubricant  are 
larger  in  diameter  than  similar  holes  tapped  or  reamed  with  the  full 
use  of  a  lubricant.  It  therefore  follows  that  there  must  be  more  friction 
and  an  increase  of  wear  in  the  latter  case. 

PoliBbing. — To  polish  is  to  give  a  final  dressing  with  emery  cloth, 
emery  wheels,  "  polishing  buffs,"  bobs,  etc.,  to  articles  made  of  iron, 
steel,  or  brass.  The  work  is  generally  "  fitted  "  and  finished  before  any 
polishing  is  done  and  polished  after  stripping.  Long  bars  and  other 
flat  surfaces  are  first  "  draw-filed  "  and  then  a  flat  stick  covered  with 
emery  cloth  is  used  in  the  same  direction  and  manner  as  the  draw  file. 

The  degree  of  smoothness  required  decides  the  grade  or  number  of 
emery  cloth  used.  Work  requiring  an  ordinary  finish  is  polished  with 
"No.  2"  emery  cloth  and  afterwards  with  "No,  1-"     Engine  work  is 
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sometimes  polished  with  cloth  No.  2  only,  or  it  is  filed  and  finished 
with  second  cut  files.  Surfaces  thus  treated  are  not  brilliant,  a  close 
observation  reveals  the  file  cuts  even  while  the  work  is  new.  Small 
work  is  not  conveniently  polished  by  hand.  Hand  polishing  is  also 
much  slower  than  polishing  by  the  aid  of  polishing  wheels  and  buffs. 
Surfaces  required  bright,  and  which  do  not  carry  any  fitted  attachment, 
are  ground  and  glazed.  Polishing  and  glazing  by  power  are  treated  in 
Chapter  X.  on  "  Grinding  Machinery," 

Dee  of  the  Scraper. — The  only  method  at  the  present  found  successful 
to  make  a  perfect  contact  between  two  surfaces  of  metal  is  by  the  use 
of  a  scraper.  The  surfaces  to  be  "  scraped  "  are  tooled  over  first,  as  it 
is  impossible  to  scrape  any  surface  which  has  not  been  thoroughly  faced 
or  bored,  as  the  case  may  be.  It  has  already  been  stated  that  files  are 
at  once  deprived  of  their  keenness  by  passing  them  over  any  work  upon 
the  surface  of  which  the  scale  has  not  been  entirely  removed. 

Now,  the  cutting  edges  of  a  scraper,  though  very  hard  and  made 


Fig.  357,— Surface  plate. 

sharp  by  the  use  of  an  oil-stone,  if  brought  in  contact  with  any  "  scabby 
part "  are  at  once  spoiled.  (This  instruction  is  particularly  intended  for 
apprentices  and  others  who  may  be  interested.)  A  practical  workman 
knows  this,  and  therefore  would  not  attempt  an  impossibility. 

Scraping  is  written  and  spoken  of  as  being  "  easy  to  do."  It  is  not 
the  case  by  any  means,  and  for  proof  of  this  an  examination  of  a 
"  standard  surface  plate,"  such  as  Fig.  357,  is  recommended,  or,  better 
still,  attempt  to  make  a  small  one.  A  uniformly  even  plane  can  be  at 
once  spoiled  by  a  few  unnecessary  strokes  of  the  scraping  tool ;  this, 
therefore,  explains  the  need  of  careful  working.  Again,  scraping  requires 
an  amount  of  skill  and  good  judgment  to  properly  manipulate  the  tool, 
it  is  not  a  "  shovel "  and  must  not  be  used  as  such. 

As  the  binding  points  appear  in  little  groups  closer  and  closer 
together  the  care  and  skill  increase,  that  is  to  say,  a  greater  attention  is 
given  as  the  work  nears  completion.  Each  little  elevation  has  to  be 
aimed  at  and  taken  off  with  the  scraper  without  lowering  the  surrounding 
metal ;  to  maintain  an  even  pressure  therefore,  on  the  cutting  edge,  the 
tool  has  to  be  entirely  under  control,  and  given  a  certain  amount  of 
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wrist  movement  together  with  a  forward  movement.  To  do  this  properly 
the  arms  should  be  held  close  to  the  body  so  far  as  the  elbows  when 
it  is  possible,  as  is  the  case  when  the  work  is  supported  in  the  vice,  also 
when  scraping  many  other  surfaces  that  are  narrow. 

Large  surface  plates  are  examples  illustrating  the  highest  skill, 
because  the  above  method  of  holding  the  tool  can  only  be  applied 
partially.  As  the  workman  scrapes  further  and  further  away  from  him  he 
leans  over  the  work  more  and  more,  but  the  central  portion,  in  very 
targe  plates,  cannot  be  reached  conveniently  unless  the  arms  are 
extended,  then  it  is  that  the  full  mastery  of  the  tool  is  called  into  play. 

In  the  manufacture  of  these  surface  plates  a  reference  plate  or 
"standard"  true  plate  (Fig.  357)  has  to  be  finally  used.  The  standard 
plate  is  balanced  evenly  and  held  over  the  plate  to  be  tested,  then 
slowly  lowered  by  the  crane  and  worked  over  the  lower  surface.  It 
cannot  be  lifted  vertically  without  taking  the  lower  one  with  it,  such  is 
the  evenness  of  the  two  planes.  When  the  standard  plate  is  removed 
it  has  to  he  drawn  across  the  lower  plate ;  this  requires  care,  or  the 
standard  may  be  put  out  of  balance,  with  the  result  that  it  may  make 
impressions  on  the  plate  to  be  scraped,  which  of  course  would  be 
disastrous  if  removed  by  the  scraper. 

When  the  late  Sir  J.  Whitworth  introduced  surface  plates  three  plates 
were  used  interchangeably,  by  which  means  error  in  each  plate  was  at 
once  detected. 

Use  of  Sarfaoe  Platee. — The  custom  is  to  place  a  number  of  them 
about  the  Fitter's  bench,  more  or  fewer  according  to  the  class  of  work 
done.  "  Machined "  cast  iron  and  soft  alloys  are  finally  scraped  and 
tested  on  a  surface  plate.  Wrought  iron  and  steel  parts  are  not  so 
easily  scraped  and  are  usually  finished  on  their  surfaces  with  smooth  files. 

In  scraping  up  metal  to  a  true  plane  the  practice  is  slow  and 
tedious.  The  scraping  tools  are  usually  forged  from  old  smooth  files 
by  hammering  them  to  a  thin  edge.  They  are  not  hardened  and 
tempered  like  other  cutting  tools,  but  are  simply  heated  to  a  bright 
red  heat  and  are  slacked  out  quickly;  this  makes  them  very  hard. 
The  cutting  edges  make  an  angle  of  about  90°.  They  are  first  ground 
quite  smooth  on  both  sides,  and  the  end  has  a  slight  curvature. 
Afterwards  an  oil-stone  is  used  until  all  traces  of  marks  by  grinding  has 
disappeared  leaving  the  faces  smooth  and  the  cutting  edges  keen. 

These  tools,  when  once  properly  made,  will  last  without  refor^ng  for 
a  considerable  time.  A  thin  edge  cuts  better  than  a  thick  one,  and  the 
scraper  is  also  much  easier  to  manipulate,  especially  when  only  small 
binding  points  are  to  be  removed.  Some  workmen  prefer  to  use 
triangular  files  from  which  to  forge  the  scrapers,  in  which  case  the  tool 
has  three  facets.     These  are  used  in  finishing  only. 

After  a  satisfactory  plane  has  been  produced  on  machine  beds, 
tables,  and  slides,  they  are  generally  "  frosted  "  over.  This  "  dappling  " 
is  produced  by  expert  workmen  who  scrape  the  surfaces  uniformly  in 
one  direction,  and  then  start  another  course  in  an  opposite  direction. 
Frosting  is  done  to  give  a  good  appearance,  but  in  no  other  way  does  it 
improve  the  work. 
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Gronnd  Jointe. — Ground  joints  are  the  best  to  withstand  pressure, 
but  these  are  generally  limited  to  cylindrical  objects.  The  parts  are 
first  scraped  to  coincide  as  nearly  as  practicable,  and  then  finished  by 
grinding  one  surface  on  the  other  with  a  thin  film  of  oil  and  powdered 
(flour)  emery  or  crocus  powder  between  the  joint  It  is  necessary  to 
keep  the  film  on  the  highest  parts,  as  the  work  proceeds,  otherwise  the 
joint  will  be  a  defective  one — -the  shallow  parts  being  ground  without 
actually  touching.  Valves,  cocks,  taps,  and  similar  work,  where  the 
areas  of  the  joints  are  small  compared  with  the  diameters,  require  to  be 
carefully  handled  and  cannot  be  well  done  without  experience.  Very 
fine,  and  small  parts  in  brass  fittings  are  finished  with  crocus  powder. 

FileB  and  File  Manufsctore. — Small  files  are  foiged  into  shape  at 
the  anvil  from  crucible  cast-steel  bars  of  suitable  section.  Large  files 
are  hammered  into  shape  under  power  hammers.  The  tangs  are  drawn 
at  a  small  fire  by  operatives  who  do  nothing  else.  The  blanks  are 
afterwards  ground  into  shape  on  large  coarse  grit  grindstones  which  are 
rotated  at  a  high  speed.  The  grinder  sits  astride  a  "  horse "  with  a 
board  immediately  beneath  him  and  after  placing  a  file  blank  in  position 
he  can,  if  necessary,  give  the  whole  weight  of  his  body  to  the  board. 
And  thus  the  object  is  quickly  reduced  to  the  required  form.  In 
grinding  angular  files  a  nick  is  made  at  the  end  of  the  board  into  which 
the  file  may  lodge.  To  keep  the  stone  even,  and  at  ^the  same  time 
prevent  the  work  being  ground  more  in  one  place  than  another,  the 
grinder  gives  a  swinging  motion  to  the  board.  A  straight  edge  and 
movable  or  fixed  calipers  are  used  to  test  with  as  the  grinding  proceeds. 
The  blanks  are  next  dried,  cleaned,  and  greased,  ready  for  the  teeth  to 
be  cut. 

There  are  two  ways  of  doing  the  work— either  by  hand  hammer 
and  flat  chisel  or  by  a  file-cutting  machine.  In  cutting  files  by  hand 
considerable  experience  is  necessary,  because  the  spacing  of  the  cut  to 
form  the  teeth  has  to  be  decided  by  the  judgment  of  the  workman.  In 
addition  to  this,  he  must  know  the  proper  size  of  hammer  to  use,  the 
weight  of  the  blow  required,  and  the  correct  inclination  at  which  the 
chisel  is  to  be  held  when  struck.  File  cutters'  hammers  vary  from  a 
few  ounces  to  ij  lb.  weight,  according  to  the  depth  of  cut  required;  this 
also  governs  the  weight  of  the  blows  which  cause  the  chisel  to  penetrate 
to  a  greater  or  less  degree.  The  inclination  of  the  chisel  edges  are 
ground  to  form  an  angle  of  about  35°  for  small  and  "smooth"  files,  and 
for  coarse  or  "rough  cut"  files  50°,  The  lengths  of  the  chisels  are 
from  two  to  three  inches,  and  the  width  from  half  an  inch  to  two  and  a 
half  inches.  Their  edges  are  ground  straight  and  are  always  wider  than 
the  file  to  be  cut. 

Before  commencing  to  cut  the  teeth,  a  block  of  lead  is  first  put  on 
the  bench  and  the  file  is  secured  to  it  by  a  leather  strap  which  passes 
over  each  end  of  it,  and  then  through  holes  in  the  bench  over  the  feet 
of  the  workman  in  the  form  of  stirrups.  The  chisel  is  held  in  the  left 
hand  at  an  angle  of  about  55°  and  inclined  from  the  vertical  away  from 
the  workman  from  4"  to  15°  according  to  the  character  of  the  file. 
Commencing  at  the  point  of  the  file  the  first  cut  is  made  by  one  blow. 
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and  the  metal  is  banked  up  in  a  ridge  against  which  the  chisel  is  placed 
for  the  next  cut.  The  blows  follow  each  other  in  rapid  succession  from 
60  to  80  per  minute.  When  one  course  has  been  completed  the  second 
course  Is  cut  obliquely,  but  with  less  depth.  These  are  double  cut, 
sometimes  called  second-cut  files.  It  is  obvious  that  the  weight  of  the 
hammer  blows  must  be  uniformly  given  or  the  distance  between  the 
teeth  would  be  irregular  and  in  such  case  the  file  would  be  spoiled. 
When  about  to  harden,  and  before  placing  in  the  fire,  the  files  are 
smeared  over  with  beer  grounds  or  some  other  sticky  fluid  which 
prevents  the  sharp  edges  of  the  teeth  being  injured,  When  at  a  bright 
and  uniform  heat  the  file  is  quickly  plunged  into  a  bath  containing  salt 
and  water  which  has  the  effect  of  at  once  hardening  the  teeth,  but 
before  the  internal  portion  of  the  file  has  been  acted  upon,  it  is 
withdrawn  and  tested ;  if  correct,  it  is  immediately  "  slaked  off."     If, 
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Fig.  358.— Sections  of  files. 


however,  the  file  has  been  warped  in  the  process,  it  is  placed  between 
two  fixed  parallel  rods  and  sprung  back  to  "truth."  This  is  only  the 
work  of  a  few  seconds,  or  the  heated  part  of  the  file  would  have 
influence  over  the  hardened  teeth  and  spoil  them.  After  the  files  are 
hardened  they  are  rinsed  and  brushed.  When  dry  they  are  oiled  and 
packed  ready  for  shipment. 

From  the  illustration  it  will  be  seen  that  files  are  graded  by  their 
shape  and  form  of  teeth,  also  by  their  purpose  and  length.  As  to  their 
shape,  we  need  only  refer  to  those  used  in  general  workshop  practice, 
although  it  may  be  said,  that  there  is  a  large  variety  of  each  class  made 
for  special  work.     (See  sections  of  files,  Fig.  358.) 

All  the  files  used  are  made  from  one  or  other  of  the  following 
sections.  Square,  round,  or  angular.  Those  from  the  square. 
1,  square  file;  2,  flat;  3,  wheel;  4,  slotting;  5,  sHtting  file  (each  of  the 
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above  are  sometimes  provided  with  one  safe  edge);  6,  round  file; 
7,  frame  saw  file;  8,  half-round;  9,  double  half-round;  10,  oval  file; 
II,  triangular,  called  3-square,  or,  when  small,  saw  file. 

The  illustrations  of  the  various  cuts  of  files  and  rasps  are  shown  in 

P'g-  359-     Nos.  1,  z,  3,  4,  5,  and  6  have  double-cut  teeth.     Nos,  7  to 

.    la  are  float  or  single  cut;  13  to  18  rasp  cut.     The  lengths  of  the  files  in 

g€ineral  use  are  from  4  in.  to  ]  4  in.  The  file  is  measured  from  the  shoulder 

to  the  point 

Examples. — A  \  in.  square  safe  edge  =  a  file  made  from  §  in. 
square  steel;  3  14  in.  rough  cut,  indicates  that  a  file  14  in.  long  is 
desired ;  a  ^  in.  cotter  or  slotting  file  =  one  to  pass  in  a  slot  \  in.  wide ; 
a  6  in,  half-round  smooth  =  a  file  6  in.  long ;  a  4  in.  saw  file  =  a 
triangular  file  4  in.  long. 

Uae  of  Filea. — Files  are  less  in  demand  now  than  formerly ;  this  is 
owing  to  machine  tools  doing  the  work  more  perfectly  ;  for  instance, 
many  articles  which  were  formerly  machined  in  a  shaping  machine  and 
finished  at  the  bench  with  files  are  now  "  milled  "  or  "  profiled  "  in  such 
a  manner  as  to  dispense  with  any  subsequent  dressing.  Grinding 
machinery  has  also  done  much  to  reduce  the  costly  labour  of  filing. 
See  Chapters  X,,  Grinding,  and  XII.,  Milling.  However,  files  ate  still  used, 
and  always  will  be  used  at  the  bench  on  some  kinds  of  work,  and  the 
following  hints  are  given  as  to  their  proper  use.  The  teeth  must  be 
kept  clean  by  a  frequent  use  of  a  file,  or  scratch  brush;  if  this  is  over- 
looked, the  work  will  not  be  evenly  dressed,  and  will  have  a  bad  finish, 
however  much  labour  may  have  been  bestowed.  The  work  which 
"pins"  the  files  the  most,  are  copper,  steel,  lead,  and  wrought  iron;  all 
other  metals  are  easily  brushed  off, 

riles  for  brass  work  have  their  teeth  cut  almost  horizontally,  and  do 
their  work  with  less  labour  than  those  used  for  general  work  in  iron  and 
steel.  It  is  absolutely  necessary  to  keep  the  files  separate.  Files  used 
on  brass  and  phosphor  bronze  ;  must  be  used  exclusively  on  these  alloys, 
while  they  will  cut.  Afterwards  they  may  be  used  on  cast  iron  and 
mild  steel.  On  no  account  use  a  file  on  the  latter  metals  and  afterwards 
attempt  to  file  up  gun  metal  or  phosphor  bronze ;  the  teeth  are  not  keen 
enough  for  the  purpose. 

Again,  rough  files  are  unfit  for  tool  steel,  as,  owing  to  the  increased 
depth  of  the  teeth,  they  will  not  stand,  but  crumble  under  each  stroke. 
A  "  second  cut  "  or  "  float  "  will  do  better  work,  and  a  file  ra  in,  long 
is  preferable  to  one  14  in.  long.  This  is  chiefly  because  too!  steel, 
being  very  hard,  resists  the  progress  of  the  file  and  refuses  to  be  cut  at 
all,  if  forced  past  a  certain  limit.  Therefore,  since  it  must  be  filed 
slowly,  a  short  file  is  much  better  under  control  than  a  long  one.  And 
another  reason  for  preferring  a  short  file  is  that  the  surfaces  to  be  filed 
are  usually  of  small  area  when  made  of  cast  steel. 

The  manner  of  holding  a  file  is  of  importance  Co  3  beginner.  Since 
the  file  cuts  only  during  the  forward  stroke,  there  must  be  a  full  control 
of  it,  so  that  an  amount  of  pressure  can  be  given  to  it  during  its 
forward  journey,  and  the  pressure  reduced  during  the  return.  To 
obtain  the  best  results,  the  right  foot  should  be  two  feet  back,  with  the 
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Fig.  359.— Grade  of  files. 
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htel  and  toe  parallel  with  the  vice  jaws,  while  the  left  foot  is  at  right 
angles  and  extended  up  to  the  vice.  Each  stroke  forward  takes  the 
file  its  full  length  and  requires  the  body  to  go  a  portion  of  the 
way,  while  the  arms  are  extended  horizontally  when  the  stroke  has 
reached  its  limit  At  this  instant  the  left  knee  is  bent  and  takes  a 
considerable  part  in  the  movement.  When  the  return  is  made  the 
pressure  on  tiie  file  is  somewhat  slackened  (on  sitiall  surfaces),  but 
when  filing  lar^e  surf'aces,  the  tension  is  almost  all  released. 

It  is  impossible  to  use  a  file  properly  while  the  feet  touch,  and 
the  workman  stands  erect ;  all  control  of  the  file  is  lost,  with  the  result 
that  the  filed  surface  is  "  round  "  instead  of  flat.  This  does  not  refer 
to  extremely  small  work,  so  much  as  that  of  a  genera!  ciiaracter. 
It  is  obvious  that  a  coarse  file  used  on  a  broad  surface  will  be  pushed 
differently  to  that  of  a  smooth  file  on  a  small  surface.  In  the  former 
case  the  file  should  have  all  the  pressure  the  workman  can  put  on 
it  to  make  it  cut  freely,  and  move  at  a  suitable  speed.  To  obtain 
the  best  results  the  workman's  body  moves  with  each  forward  stroke, 
necessitating  that  his  feet  should  be  spread  so  that  an  increased  weight 
can  be  given  to  the  hands  grasping  the  file.  "  Cross-filing  "  is  generally 
done  on  broad  surfaces  to  keep  the  work  flat.  The  deeper  the  cut 
in  iron  or  steel,  the  more  liable  is  the  file  to  pin,  so  that  there  is 
a  limit  to  the  amoimt  of  pressure  actually  required.  When  engaged 
in  smooth  filing  steel,  the  workman  stands  more  erect,  the  pressure 
being  considerably  less,  and  not  requiring  much  more  thaji  hand 
pressure.  It  is  only  after  considerable  practice,  that  smooth  files  can 
be  successfully  used  without  much  clogging.  The  best  plan  to  obtain 
a  good  finish  by  filing,  is  to  remove  "  pins "  as  they  come,  and  to 
try  to  control  the  pressure  exerted,  so  that  no  more  pinning  occurs. 
(This  only  refers  to  fibrous  metals.)  It  is  customary  to  chalk  a  new 
file  to  prevent  "pins,"  and  a  further  precaution  taken  by  some  is 
to  add  a  few  drops  of  oiL 

Files  are  not  flat  from  end  to  end,  but  are  made  with  a  slight 
curve.  It  would  be  impossible  to  file  flat  with  a  14  in.  rough  file, 
if  it  were  perfectly  straight,  because  an  even  pressure  cannot  be  put 
(vertically  on  the  file  during  the  whole  length  of  stroke.  Cross-filing 
is  often  jaroductive  of  good  results.  Another  reason  is  because,  strictly 
speaking,  files  are  warped  to  some  degree  in  the  hardening  process. 

Files  are  cut  with  "  one  safe  edge  "  i.e.  one  edge  left  uncut,  this  is 
to  ensure  that  a  face  not  iritended  to  be  filed,  may  be  protected,  even 
when  it  is  necessary  to  file  close  up  to  the  comer.  The  safe  edge  of  a 
file,  will,  if  carefully  examined  shows  burrs,  these  have  been  produced 
in  the  process  of  cutting  the  teeth  on  the  flat  sides.  It  is  therefore 
the  practice  to  grind  the  burrs  down  until  the  safe  edge  is  fiat.  This  is 
especially  necessary  for  very  accurate  work. 

Round  files,  and  half-round  files,  are  considerably  more  curved 
in  their  length  than  flat  ones.  The  reason  for  this  is  to  enable  their 
use  to  be  brought  to  bear  upon  small  elevations  in  hollow  work 
without  interfering  with  other  parts.  Suppose,  for  instance,  that  it 
is  necessary  to  file  down  an  elevation  in  a  bored  hole,  without  enlarging 
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the  aperture  at  the  mouth.  This  may  be  done,  if  great  care  is 
exercised,  but  if  the  files  were  made  with  less  curve,  it  would  not 
be  practicable.  ■ . 

To  enable  these  files  to  cut  freely  without  forming  ridges,  it  is 
advisable  to  give  a  twistto  the  wrist  during  the  forward  stroke. 

Better  results  are  obtained  by  finishing  hollow  surfaces  with  a 
half-round  scraper  {made  by  grinding  off  the  teeth  on  both  face  and 
sides  of  an  old  half-round  smooth  file,  and  sharpening  up  the  cutting 
edges  ,with  an  oil-stone).  These  scrapers  are  in  general  use  in 
engine  shops  and  machine  tool  works,  but  in  machine  building, 
where  the  various  parts  are  of  less  dimensions,  half-round  scrapers 
are  not  much  used. 

Chipping  ChiaelB. — The  chisels  used  for  chipping  and  cutting  metal 
are  made  from  bars  of  crucible  cast  steel,  called  tool  steel.  The  bars 
are  octagonal  or  oval  in  section.  The  latter  may  be  produced  from 
round  bars  by  flattening  two  sides.  Much  depends  upon  the  quality  of 
the  steel,  which  should  be  good,  close-grained,  and  tough. 

Forging  a  Chisel. — To  make  a  chisel,  a  piece  is  first  cut  off  about 
65  in.  long.  One  end  is  heated  to  a  blood-red  heat,  while  the  other  end 
is  gripped  by  a  pair  of  hollow  bit  tongs.  The  chisel  head  is  first  formed 
by  holding  the  heated  portion  over  towards  the  opposite. edge  of  the 
anvil  in  an  inclined  position,  then  by  slowly  rotating  the  tongs  and 
hammering  down  the  steel  until  the  end  becomes  circular  for  a  distance 
of  I  in. ;  finish  with  a  little  trimming. 

The  steel  is  now  reversed  in  the  tongs,  and,  after  a  heat  about  i\  in, 
long  has  been  taken,  the  steel  is  drawn  down  to  a  wedge  shape,  care 
being  taken  to  keep  the  edges  from  spreading.  The  steel  must  be 
repeatedly  given  half  a  tiun  to  effect  this.  It  should  occasionally  be 
turned  over  so  as  to  get  the  taper  uniform  with  the  sides — Fig,  360  (i). 

It  is  important  to  note  that  the  under  side  of  the  chisel  lies  flat  on 
the  anvil,  and  a  flattener  should  be  used  towards  the  end  to  smoothen 
the  work.  The  chisel  should  measure  8|  in.  to  9  in.  over  all ;  iV.  assum- 
ing that  a  bar  of  octagonal  steel  measures  \  in.  across  the  flats,  the 
.  width  of  the  taper  portion  must  not  exceed  r  in.  and  that  parallel  for 
2^  in,  in  length.  It  is  wrong  to  forge  chisels  tapering  as  in  Fig.  (2),  or 
spreading  as  in  Fig,  {3),  Tapering  chisels  are  likely  to  wedge,  and  pro- 
bably break  off  when  used,  and  spreading  considerably  weakens  a  chisel 
at  the  outer-edge  comers. 

Fig,  {3)  shows  a  chisel  hollow  ground,  and  here  again  the  corners  get 
..  the  brunt  of  the  work,  and  will  easily  break  off  under  heavy  blows. 
Chipping  chisels  are  best  ground  a  little  convex ;  by  this  means  the  force 
of  the  blow  is  received  more  at  the  centre  of  the  chisel  edge,  and  the 
comers  are  preserved,  with  the  result  that  the  tool  is  kept  longer  in 
proper  condition. 

When  grinding  a  flat  chisel,  an  equal  amount  should  be  removed 
from  both  facets,  so  that  when  the  head  is  struck  the  work  is  cut  straight. 
A  plan  of  a  chisel  edge  is  shown  properly  ground  in  Fig.  (8).  It  is, 
however,  a  common  thing  to  see  a  beginner  grind  a  chisel  similar  to 
Fig.  (Sa). 
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Cast  iron  and  brass  are  cut  or  chipped  without  any  lubrication,  but 
wrought  iron  and  mild  steel  yield  better  when  the  chisel  edge  is  first 
rubbed  on  a  piece  of  oily  waste.  The  cutting  edge  must  be  kept  sharp, 
and  as  thin  as  the  nature  of  the  work  will  admit  of.  It  is  a  custom  to 
do  rough  slogging  with  stout  chisels  kept  for  the  purpose,  but  for  a 
smooth  finishing  cut  a  light  chisel  drawn  out  thin  is  used.  When  a 
considerable  amount  of  metal  has  to  be  chipped  away,  a  "  cross  cut " — 
Fig,  (5)  chisel  is  used  to  make  a  series  of  grooves  over  the  surface  of  the 


/^ 


FP\ 


frr\ 


fF^ 


r\ 


Fig.  360.— Chipping  chisels. 

work,  the  distance  between  the  grooves  being  about  5  in.  less  than  the 
breadth  of  the  flat  chisel  to  be  used  along  with  it.  Cutting  out  channels 
greatly  expedites  the  work,  especially  in  cast  iron,  because  by  so  doing 
the  metal  is  broken  up  much  more  easily.  The  cross-cut  chisel  is 
widest  at  the  cutting  edge,  having  a  "  clearance  "  for  an  inch  above  it 
so  as  to  give  it  freedom  when  cutting  keyways. 

A  useful  chisel  for  cutting  sheet  metal  is  shown  in  Fig.  (9).   With  the 
flat  side  of  the  chisel  resring  evenly  on  the  top  of  the  vice  in  which  the 
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work  is  gripped,  the  chisel  will  shear  otF  the  upper  portion,  leaving  a 
clean,  even  cut  almost  free  from  any  burr  or  fracture.  This  side  chisel 
is  also  used  to  finish  the  face  of  a  hole-side,  where  it  would  be  dillicult 
to  get  an  ordinary  flat  chisel  in.  The  angle  is  about  45°  for  wrought 
iron  or  mild  steel,  and  for  soft  material,  such  as  copper,  30°  or  35°. 
The  angle  of  an  ordinary  flat  chisel  is  about  65°  for  hard  steel,  and  60° 
for  cast  iron.     The  softer  the  material,  the  more  acute  the  angle. 

The  round-nosed  or  oil-grooving  chisel,  Fig.  {4),  is  forged  much  the 
same  as  a  cross-cut :  broadened  at  B  to  give  streagtti  to  the  cutting  nose, 
which  is  necessarily  small ;  but,  however  small  the  area  of  the  cutting 
portion,  the  metal  immediately  above  it  must  be  less  so,  to  give  clearance. 


fi^ 


Fig.  360  (oraiiniieii).— Chiptung  chisels. 

Thinning  a  chisel  thus  must  be  done  carefully,  so  as  to  keep  an  equal 
amount  of  metal  each  side  of  the  centre.  A  chisel  forged  or  formed  out 
of  line  cannot  be  used  with  any  degree  of  satisfaction,  as  there  will  be  an 
undue  amount  of  springing.  When  using  a  chisel  on  an  even  surface, 
the  inclination  at  which  it  must  be  held  is  decided  for  us  by  the  angle  at 
which  the  chisel  has  been  ground,  'I'be  under  face  of  the  chisel  should 
tie  on  the  fece  of  the  work,  and  for  this  reason  it  is  best  to  note  the 
inclination  before  a  blow  is  struck  on  the  chisel  head.  It  is  obvious 
that  the  angle  when  once  found  must  be  kept,  as  any  raising  or  lowering 
of  the  wrist  will  at  once  produce  an  effect  upon  the  surface  of  the  work 
more  or  less  corrugated. 
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The  art  of  chipping  cannot  be  attained  without  much  practice,  btit 
with  a  light  hammer  (15  lb.)  and  steady  blows,  delivered  uniformly  on 
a  chisel  held  rigidly,  some  approximation  to  evenness  may  be  acquired. 

Another  chisel  for  cutting  out  a  clearance  in  hollow  or  radial  work  is 
given  in  Fig.  (6).  This  is  a  rounded  chisel,  sometimes  called  a  "  cow 
mouth." 

Fig.  (7)  represents  a  "  diamond-point "  chisel,  used  in  both  deep  and 
shallov.'  slots ;  it  is  also  useful  to  get  in  a  sharp  comer  or  to  cut  out  a 
vee-shaped  groove.  The  proper  temper  to  give  to  chipping  chisels  is 
explained  under  "  Hardening  and  I'empering,"  p.  307. 
^-  Templets. — Templets  are  also  used  as  "  measuring  rods  "  to  work 
to ;  of  course,  then  they  should  be  properly  termed  "  gauges,"  or 
measuring  rods. 

Example. — A  pulley  is  sometimes  ordered  of  a  certain  diameter 
and  face,  and  bored  to  a  "  templet,"  i.e.  wire  rod,  sent  with  order.  This 
is  generally  done  to  obtain  an  accurate  fit,  the  "  templet "  really  being  a 
piece  of  steel  wire  to  represent  in  its  extreme  length  the  diameter  of  the 
shaft  on  to  which  the  pulley  must  ride;  it  is,  however,  only  resorted  to 
as  an  actual  gauge  when  the  work  in  question  is  not  a  "  standard 
dimension."  These  rod  templets  or  gauges  are  occasionally  used  as  a 
means  of  testing  and  also  transferring  measurements  (see  End  Measur- 
ing Rods,  Chapter  I.)  It  is  not  always  practicable  nor  expedient  that 
each  piece  of  work  passing  into  the  fittei^s  hands  should  have  been  first 
tooled  over  in  a  machine. 

Let  us  suppose,  for  example,  that  a  rectangular  plate  is  cast  with 
"  facing  strips  "  which  are  to  be  "  dressed  "  with  hammer  and  chisel  and 
file  sufficiently  to  make  it  "  fit "  and  "  finish  "  flush  with  the  upper  surface 
of  a  frame  which  is  also  cast  with  facing  strips,  ends,  and  sides,  and  base 
to  receive  it;  assuming  both  castings  are  straight,  and  that  a  difference 
of  5  in.  prevents  the  plates  from  dropping  into  position.  This  will 
mean  ^  in.  to  be  chipped  and  filed  off  each  strip,  and  will  require 
careful  treatment  by  an  experienced  workman.  A  straight-edge  must  be 
used  on  the  seatings  of  both  plate  and  frame,  the  latter  also  tested  with 
a  spirit-level,  which  will  at  once  show  the  highest  and  lowest  parts. 

The  relative  sides  of  the  frame  can  now  be  tested  with  a  square,  also 
of  the  plate ;  if  satisfactorily  rectangular,  two  end  measuring  rods  must 
be  prepared,  one  equal  to  the  finished  width,  the  other  equal  to  the 
finished  length.  These  may  he  easily  and  quickly  made  from  a  /g  in. 
rod  of  round  steel,  and  the  frame  and  plate  carefully  gauged  over  before 
commencing.  Each  strip  should  now  be  chalked  over  and  a  straight- 
edge laid  on ;  then  with  a  fine-pointed  scriber,  scribe  the  four  sides  of 
the  frame,  the  distance  between  the  lines  to  be  equal  to  the  plate  to  be 
fitted  (giving  a  few  pops  with  a  centre  punch).  After  the  rough  skin  has 
been  removed  by  chipping,  the  progress  should  at  once  be  examined  and 
compared  with  a  straight  edge,  'i'he  chisels  should  be  kept  sharp,  or 
the  fracture  of  some  edge  or  corner  will  result. 

As  a  further  guide,  some  workmen  prefer  to  chamfer  away  the  metal 
up  to  the  line  before  commencing  to  chip  This  is  a  safe  plan,  especially 
if  any  doubt  exists  as  to  ability  to  wield  the  tools  accurately.     Each 
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right-angle  face  is  thus  followed  and  tested  with  straight-edge  and  square 
(and  here  again  some  prefer  to  use  a  movable  mete,  which  will  show 
how  near  the  work  is  to  the  finished  sizes).  Then  the  two  rods  are  used, 
which,  of  course,  will  not  enter  until  the  work  is  practically  finished. 
As  the  work  approaches  completion,  the  square  and  rods  are  more 
frequently  used  until  the  two  rods  will  enter. 

We  next  give  attention  to  the  ptate,  and  mark  off  as  before,  taking 
care  that  the  lines  scribed  are  at  the  proper  distance  apart  in  both  direc- 
tions.   Now,  there  are  two  methods  of  doing  this  work ;  one  is  to  "  fit  and 
try,"  the  other  is  to  work  to  the  straight-edge,  square,  and  rods.  '  The 
former,  the  oldest,  and  until  recently  the  most  general,  is  Co  work  the 
under  edge  down  to  the  line,  and  then  to  dress  off  the  remainder  as  the 
judgment  directs  with  oft- 
repeated    "  tries."       The 
latter   plan    would   be    to 
work  as  above   stated  to 
the  tools  and  the  templet 
rods.      In    this    way    trial 
fitting     is    reduced    to   a 
minimum,    while    the    ac- 
curacy   of    the    sense   of 
touch    is    increased.     The 
work    is    done-  with     in- 
creased    confidence,     the 
actual     cost     in    time    is 
much  less,  and  the  risk  of 
failure  more  remote. 

Vices.  ~  There  are 
three  kinds  of  vices,  bench, 
hand,  and  machine. 

Bench  vices  include 
staple,  parallel,  and  swivel 
vices. 

Staple  T/f-w.  —  Staple 
vices      are      self-opening.  Fir..  361.— Parallel  vice, 

having  a    spring    between 

the  two  legs  above  the  pivot.  Their  disadvantage  is  that  the  jaws  are 
only  truly  parallel  when  they  are  closed.  This  renders  ihis  type  of  vice 
unfit  for  gripping  large  surfaces.  When,  however,  the  jaws  have  to  be 
opened  very  wide  the  work  is  made  secure  by  the  insertion  of  wedges. 
These  vices  are  veiy  useful  in  loco.-engine  shops;  Ihey  will  stand  a 
great  deal  of  hard  usage. 

Paralhi  Vices. — Parallel  vices  are  now  in  general  use  in  machine 
shops.  There  are  several  different  forms  of  these.  The  one  in  Fig.  36r 
is  known  as  Parkinson's  perfect  instantaneous  grip  vice.  The  screw  is 
made  with  a  buttress  thread,  and  the  nut  is  controlled  by  a  lever  and 
spring  which  may  be  used  to  open  the  vice  instantly,  in  which  case  the 
vice  block  is  drawn  bodily  forward  or  closed  by  compressing  the  spring, 
and  finally  the  (vice  pin)  screw  is  used  to  put  on  the  grip. 
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Another  type  of  parallel  bench  vice  is  known  as  the  "  fast  grip."     In    , 
this  arrangement  there  are  two  screws,  one  to  move  the  vice  quickly,  and 
which  serves  to  grip  work  for  filing ;  the  other,  a  finer  pitched  screw,    I 
which  serves  to  give  an  additional  grip  on  the  work  by  means  of  a  long 
lever.     This  is  an  ingenious  device,  and  with  the  parallel  jaws  a  con-    j 
siderable  grip  can  be  obtained. 

Taylor's  Novel  Uachina  Vice. — Fig.  362  represents  a  novel  device 
for  holding  articles  to  be  machined.  The  fixed  and  movable  "  jaws  " 
are  both  fitted  with  a  number  of  thin  rods,  or  tubes,  which  are  acted 


Fig.  362.— Novel  vice. 

upon  by  internal  springs,  but  which  can  be  instantly  and  firmly  locked 
by  the  controlling  screws  shown. 

The  irregularly  shaped  article  is  placed  between  the  jaws,  both  con- 
trolling screws  are  released  of  their  grip,  and  as  the  vice  is  closed  by 
the  usual  vice  screw  the  article  is  pressed  upon  lightly  by  the  movable 
rods.     The  controlling  screws  are  then  turned,  which  fixes  the  rods,  and 


Dcinz.aoy  Google 


FITTING,   ERECTING,    VICE    WORK,   AND    TOOLS.     zil 

by  tightening  the  vice  screw  the  work  is  held  securely.  After  one  piece 
has  been  operated  upon,  and  the  sliding  jaw  opened,  a  similar  piece  can 
be  inserted  in  the  jig,  and  by  simply  tightening  the  screws  as  before 
machining  can  be  proceeded  with,  "  setting "  being  unnecessary.  In 
this  way  work  of  a  repetitionary  character — such,  for  instance,  as  cycle, 
sewing-machine,  or  small-arm  parts — can  be  satisfactorily  treated. 

The  machine  vice  is  the  invention  of  Taylor,  of  London. 

The  machine  vice  illustrated  in  Figs,  363  and  363A,  B,  is  used  on  the 


Fig.  363.— Machioe  vice. 

tables  of  milling,  shaping,  and  drilling  machines,  for  holding  down  the 
work  instead  of  clamping  it  directly  to  the  tables.  In  working  with  these 
vices  the  "  setting  "  of  the  work  is  made  easy.    The  loose  jaw  is  fitted 


Fic.  363A.— Parallel  vice. 

anywhere  along  the  notched  surface  of  the  bed  (as  the  work  requires), 
the  final  adjustment  being  made  by  tightening  up  the  "  grip  pin  "  with 
the  "  lever  "  shown.  The  bevelled  jaws  have  a  sliding  movement,  which 
is  an  advantage  in  holding  the  work  down ;  that  is  to  say,  the  more  a 
piece  is  gripped,  the  more  firmly  is  it  pulled  downward  by  means  of 
the  jaws  (see  detail  view  of  "  Jaw  Plate  and  Springs.")  The  loose  jaw 
has  a  cylindrical  base  which  enables  it  to  be  swivelled  when  angular 


Dcinz.aoy  Google 


3i8       MACHINE    TOOLS  AND    WORKSHOP  PRACTICE. 

shaped  pieces  are  to  be  secured.  This  vice  is  the  invention  of  C.  Taylor, 
Birmingham. 

Vice  Work. — Under  this  head  is  included  work  done  by  workmen 
as  distinguished  from  work  done  by  a  machine.  Vice  work  can  be 
divided  into  two  principal  classes — fitting  and  assembling.  The  work- 
men engaged  at  the  vice  or  similar  work  involving  skill  in  the  use  of  the 
hammer  and  chisel  and  file  are  classed  as  "  fitters,"  "  assemblers,"  or 
"  erectors,"  according  to  the  particular  class  of  work  upon  which  they 
are  engaged. 

Fitters. — This  particular  class  of  workmen  must  have  the  highest 
skill  in  handicraft  work,  and  an  intelligent  ksowledge  of  machine  drawing. 
As  an  illustration  of  this  we  may  consider  the  fitting  up  of  a  knuckle 
joint,  which,  in  a  simple  form,  consists  of  a  double  eye,  a,  and  a  single 
eye,  b,  these  parts  being  free  to  turn  on  the  adjacent  faces  CC  and 
DD  round  the  joint  pin  E. 

Fig.  364  illustrates  the  kind  of  drawing  usually  supplied  to  the 


workmen,  and  in  the  following  description  the  method  of  fitting  up  the 
joint  is  given.  The  various  measurements  are  supposed  to  be  taken  from 
such  a  dm  wing. 

We  will  suppose  that  the  pieces  for  this  joint  have  been  forged  solid 
(as  is  usually  the  case  with  small  work).  The  shanks  of  these  pieces  are 
first  turned,  and  the  forgings  are  then  delivered  to  the  fitter  to  be  set  out. 
The  end  j  (with  the  centre  in)  should  also  be  faced  in  the  lathe,  and 
oneof  the  faces, /( or  ^,  shaped  parallel  with  the  shank;  but  if  these  parts 
have  not  been  machined  they  must  be  filed  square  to  the  fojk  and 
parallel  to  the  shank.  The  surfaces  should  be  tested  with  a  square  and 
scribing  block,  the  shank  being  placed  in  vee  blocks  on  a  true  surface. 

The  width  kloi  the  inside  of  the  jaw  and,  gh,  of  the  outside  are  then 
marked  off  on  the  fiat  surface  j  by  means  of  a  pair  of  dividers,  and  the 
centre  line  /  and  parallel  lines  through  kl  and  gh  are   traced  by  a 
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scribing  block,  and  the  depth  Uoi  the  slot  is  measured  from  the  turned 
edge  S,  after  which  the  feces  A  and  g  are  turned  to  the  scribed  lines,  and 
the  slot  kul  cut  out  by  the  shaping  or  slotting  machine  or  by  hand. 
The  jaw  is  afterwards  placed  in  Ac  vee  block  with  the  squared  faces 
h  and  g  perpendicular. 

The  centre  line  p  is  traced  by  the  scribing  block ;  the  centre  g  is  then 
set  out  from  the  drawing,  or  Is  fined  upon  according  to  the  finished  size 


^ 


S 


^ 


P- 


Fig.  364. — Knuckle  joinl. 

of  the  "jaw,"  or  "  shaping,"  or  other  incidental  circumstances,  and  from 
this  centre  the  circles  r  and  s  for  the  joint  pin  and  size  of  the  jaw  are 
described.  The  width  at  t  is  then  set  off,  and  lines  parallel  to  the  centre 
line  f  are  drawn  and  joined  to  the  centre  q  by  arcs  of  circles  which  may 
be  of  the  same  radius  as  the  circle  S.  The  hole  for  the  joint  can  then 
be  drilled. 

The  shank  is  firmly  secured  in  vee  blocks,  and  the  trued  face  set 
parallel  with  the  machine  table.    A  packing  is  inserted  between  the 
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jaws  to  ensure  the  hole  being  drilled  square  with  the  shank,  and  to  pre- 
vent the  jaws  being  closed  by  the  pressure  of  the  drill. 

The  single-eye  jaw  is  set  out,  its  surfaces  machinedj  and  its  hole 
drilled  in  a  similar  manner.  The  two  parts  of  the  jaws  have  now  to  be 
fitted  together,  and  the  edges  filed  up  true.  One  face  of  the  single-eye 
jaw  and  one  of  the  inner  faces  of  the  double-eye  jaw  are  filed  and  scraped 
to  a  surface  plate  square  with  the  drilled  hole,  after  which  the  second 
inner  face  of  the  double-eyed  jaw  is  filed  and  scraped  parallel  to  the 
inner  face  already  trued. 

The  second  face  of  the  single-eye  jaw  is  then  filed  and  scraped 
parallel  with  the  trued  face,  and  by  means  of  calipers  or  similar  gauges 
is  made  exactly  the  same  width  as  that  of  the  space  between  the  inside 
of  the  double-eyed  jaw,  so  that  the  two  parts  are  a  very  tight  fit.  The 
hole  in  both  jaws  is  then  reamed  out  to  the  standard  size.  The  parts 
of  the  jaws  are  then  separated,  the  burrs  from  the  reamering  removed, 
and  the  tight  places  on  the  surfaces  of  the  jaw  scraped  until  the  parts 
fit  together  freely,  but  without  shake.  The  outside  faces  of  the  double- 
eyed  jaw  can  then  be  filed  parallel  to  the  inner  faces  and  the  joint-pin 
turned  and  fitted  to  the  hole.  The  two  parts  of  the  joint  are  then  put 
together  with  a  temporary  joint  pin  which  does  not  project  beyond  the 
outer  faces  of  the  jaw. 

A  flat  is  filed  across  the  jaw  parallel  with  the  joint  pin.  The  single 
eye  is  then  rotated  on  the  pin,  and  another  flat  is  filed  on  the  double 
eye  down  to  the  level  of  the  single  eye,  and  in  this  manner  about  one 
telf  of  the  double-eye  jaw  is  filed  to  the  level  of  the  flat  on  the  single 
eye.  The  parts  are  then  separated  and  the  single  eye  turned  over  so 
that  the  second  half  of  the  double  eye  can  be  filed  in  the  same  manner 
as  the  first  half,  and  since  the  edge  of  the  double  eye  will  then  be  filed 
to  a  flat  on  the  single  eye  it  must  be  circular.  The  single  eye  can  then 
be  filed  to  the  shaped  form  of  the  double  eye,  and  in  a  well-finished  joint 
the  edges  of  the  jaws  should  be  flush  with  each  other  in  whatever  position 
they  may  be  turned  to. 

The  portion  between  the  lines  /  of  the  double  jaw  are  then  filed 
square  with  the  faces  g  and  h,  and  care  must  be  taken  in  filing  between 
the  lines  /  and  the  circle  to  prevent  the  formation  of  humps  and  hollows. 
The  jaw  can  then  be  draw-filed  and  poHshed  in  the  usual  manner. 

This  example  of  a  knuckle  joint  has  been  given  as  an  illustration  of 
the  high-class  skill  of  a  modem  fitter.  It  demands  a  knowledge  of 
setting  out  work  and  the  manipulation  of  the  file  and  scraper.  In  an 
up-to-Jate  machine  shop,  however,  many  of  the  operations  described, 
with  reference  to  the  filing-up  of  the  knuckle  joint,  would  be  performed 
by  modem  machinery,  or  aided  by  the  use  of  templates.  Thus,  the 
inner  and  outer  surfaces  would  be  milled,  and  little  or  no  band  labour 
would  be  required  to  fit  the  parts  together;  while  the  outline  of  the 
joints  would  be  shaped  or  tooled  in  a  profiling  machine,  or  ground  or 
filed  to  a  template,  and  polished  by  the  emery  wheel  and  buff. 

For  knuckle  joints  which  require  to  be  hardened,  the  parts  are  milled 
nearly  to  the  finished  sizes,  and  then  hardened,  after  which  they  are 
machine  ground  to  the  finished  sizes. 
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Assemblers  or  Erectors. — The  duty  of  these  workmen  consists  princi- 
pally in  the  fixing  together  of  parts  of  mectianisms  that  have  been 
previously  machined  and  fitted.  In  many  cases  the  work  of  the  erector 
is  closely  allied  to  that  of  the  fitter,  and  may  even  require  a  greater 
experience,  although  very  rarely  the  same  amount  of  handicraft  skill. 

The  assembler  proper  is  more  generally  engaged  in  the  putting 
together  and  in  the  adjustment  of  sewing  machines,  linotype  machines, 
calculating  machines,  Q'pewriters,  and  other  machines  of  which  a  lai^e 
number  of  exactly  the  same  kind  are  required ;  while  the  erector  proper 
is  engaged  in  the  fixing  together  of  engines  and  machines  which  may  be 
of  the  same  type,  but  which  vary  in  gauge,  size,  and  other  particulars. 

In  the  case  of  the  assembler  proper  the  work  can  be  said  to  consist 
solely  in  the  putting  together  of  a  number  of  finished  parts,  and  adjust- 
ing the  relative  position  of  such  parts,  and  while  this  work  demands  a 
knowledge  of  the  machine  and  its  method  of  working,  it  may  not  need 
a  skilfiil  mechanic  to  do  it.  It  does  not  call  for  the  same  amount  of 
manual  skill  which  is  necessary  to  the  fitter. 

The  erector,  on  the  other  hand,  has  not  only  to  put  together  and 
adjust  the  relative  positions  of  finished  parts,  but  in  many  cases  has 
to  fit  together  rough  castings,  such  as  the  bearings  for  a  shaft  which 
extends  across  a  machine,  the  said  bearings  having  to  be  padded  to  a 
"  tie  "  bar.  Again,  the  variation  in  the  contraction  of  a  large  casting, 
such  as  an  engine-bed,  and  the  different  positions  in  such  a  bed  of 
machined  facings  demand  considerable  experience  on  the  part  of  the 
erector  to  enable  the  various  parts  of  the  engine  to  be  corrected,  fixed, 
and  fitted  relatively  to  the  centre  line  of  the  gauge  and  to  each  other. 

Example  of  Filing-up  Calipers. — An  interesting  example  for  a 
beginner.  Involving  the  use  of  both  lathe  and  drilling  machine,  is  to  make 
a  pair  of  calipers.  An  even  piece  of  cast  steel  (preferably  saw  blade) 
should  be  chosen  and  secured  in  the  vice,  Ailer  smearing  the  surface 
with  chalk,  make  a  small  centre  pop,  and  scribe  a  line  the  full  length 
the  calipers  are  to  be  made,  with  a  centre  pop  at  opposite  end.  Then 
with  a  pair  of  compasses  set  to  the  radius  of  the  washer,  describe  a  circle 
bounded  by  the  dot  first  made,  and  at  the  other  end  mark  on  each  side 
of  the  centre  a  distance  equal  to  half  the  width  of  the  caliper  points  to  be 
made.  Join  these  with  the  circle,  and  we  have  the  outline  of  one  leg  of 
the  calipers.  After  similarly  "  scribing  out "  a  second  piece,  the  material 
may  be  "  cut  away,"  or  "  drilled  out,"  This  may  be  too  brittle  and 
"  risky  "  to  be  chiselled,  in  which  case  a  series  of  holes,  as  near  the  edge 
of  the  line  and  as  close  together  as  is  convenient,  should  be  drilled.  If 
both  pieces  of  steel  are  first  clamped  fast  together  better  results  are 
obtained,  and  whilst  thus  clamped  the  hole  to  receive  the  rivet  may  be 
made  and  reamed. 

After  drilling  there  should  be  a  temporary  rivet  put  in,  the  edges 
dressed,  and  the  material  around  the  circle  filed  away.  The  calipers  are 
now  ready  to  be  bent.  If  they  are  made  blood  red  ^ey  may  be  suitably 
.  bent  over  the  beak  of  the  anvil  at  one  heat.  It  is  the  best  plan  to  use  a 
wooden  mallet  to  hammer  with.  After  bending  remove  the  temporary 
rivet  and  dress  up  the  sides. 
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The  rivel  should  be  a  perfectly  cylindrical  piece  of  steel  with  a  head 
■  turned  at  one  end,  and  should  he  used  to  test  the  accuracy  of  the  finished 
faces  of  both  legs,  i.e.  so  far  as  the  diameter  of  the  rivet  head  will  show. 
It  is  preferable  that  the  rivet  should  be  kept  as  part  of  the  stock,  so  that 
a  carrier  can  be  fixed  on  to  the  opposite  end  until  perfect  coincidence 
between  the  inside  face  of  the  rivet  head  and  each  side  of  both  legs  of 
the  calipers  has  been  obtained.  Any  inaccuracy  in  this  respect  can 
usually  soon  be  reduced  by  scraping.  After  this  is  finished  the  edges 
should  be  rounded  a  little  and  the  points  trimmed  ready  for  hardening. 
The  points  of  calipers  are  not  required  sharp  and  straight,  hut  slightly 
rounded  with  a  smooth  file,  or  by  grinding  on  an  emery  wheel. 

It  is  erroneous  to  suppose  measurements  can  be  transferred  by 
extremely  sharp-pointed,  i.e.  sharp-edged  calipers.  The  straight  ends 
prevent  actual  contact  between  the  internal  walls  of  the  holes,  and  the 
extreme  sharp  end  makes  it  difBcult  to  lodge  the  leg  of  an  inside  caliper 
on  an  outside  caliper  when  dimensions  are  to  be  transferred.  The  faces 
having  once  been  true,  very  little  dressing  will  be  required. 

A  block  of  wood  fixed  in  the  vice  serves  well  as  a  "jig "rest  on  to 
which  the  flat  side  of  the  caliper  leg  may  be  laid.  A  small  cramp,  or  a 
few  joiner's  brads  will  secure  it  whilst  it  is  dressed  and  polished.  There 
should  be  a  smear  of  oil  on  the  rivet  before  it  is  inserted,  and  some 
prefer  to  rub  the  washer  faces  with  a  little  beeswax  immediately  before 
riveting.  As  the  rivet  tightens  the  legs,  they  should  he  opened  wide  and 
closed  repeatedly.  Steel  rivets  and  washer  should  be  used.  Not  a 
single  blow  must  be  given  after  a  satisfactory  tightening  has  been  effected. 
Good  work  in  calipers  is  nowhere  more  important  than  at  the  rivet. 

To  test :  open  them  to  their  widest,  and  close  slowly.  If  properly 
done  there  will  be  a  uniform  tension  throughout ;  while,  on  the  other 
hand,  cahpers  improperly  made  will  he  tighter  at  one  place  than  another, 
and  others  will  have  a  rocking  movement  wherever  the  jaws  may  he  set 
at  Both  the  defects  above  referred  to  are  irremediable.  The  former 
proves  the  faces  of  the  calipers  or  washers,  or  both,  are  uneven,  and  the 
latter  proves  that  the  hole  or  the  rivet  is  not  perfectly  cylindrical.  The 
heads  of  the  rivet  and  washer  are  trimmed  and  polished  with  a  brace 
and  a  wooden  stock,  cupped  slightly  to  receive  the  head  of  the  rivet ;  a 
strip  of  emery  cloth  is,  of  course,  inserted  between.  Calipers  thus  made 
are  not  usually  hardened,  but  steels  of  a  lower  grade  are  always  hardened 
at  the  caliper  points. 

Holding  Work  in  the  Vice, — The  grip  necessary  to  firmly  secure 
articles  which  are  to  be  chipped,  filed,  or  fitted  while  held  in  the  vice 
jaws  is  sometimes  considerable.  The  jaw  faces  next  the  work  have 
been  cut  and  hardened  like  a  file;  and  the  projecting  teeth  would 
therefore  penetrate  the  smooth  surfaces  of  machined  work,  and  danaage 
it.  Clamps  are  therefore  inserted  between  the  hard  jaws  and  the  work 
to  prevent  any  bruising.  Those  in  general  use  are  made  by  casting 
lead  in  a  suitable  mould.  The  castings  are  about  ^  in.  thick  of  L-sbaped 
section,  but  are  finally  adapted  to  lit  the  vice  by  hammering.  For 
heavy  work,  a  little  tin  is  melted  with  the  lead,  which  hardens  the 
product,  otherwise  the  clamps  soon  lose  their  sliape  by  repeated  squeezing. 
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Copper  clamps  are  harder,  and  give  a  firmer  grip  than  lead,  but  better 
still  are  those  made  of  sheet  steel ;  these  are  first  cut  out,  and  then 
heated  and  bent  to  the  shape  of  the  vice  jaws.  Light  work  is  con- 
veniently held  between  clamps  of  hard  wood,  except  when  hammering 
has  to  be  done.  Small  screws  and  pins  are  best  held  in  a  pair  of 
spring  clamps,  which  remain  in  correct 
position  after  the  work  has  been  re- 
leased, the  bow  of  the  spring  serving 
as  a  tray  to  catch  any  snaall  pins,  etc., 
as  they  may  fall  (see  Fig.  365). 

When  it  is  necessary  to  grip  a 
screw  by  the  thread,  a  hexagon  nut 
sawn  through  on  one  side  is  used  to 
hold  the  screwed  portion  without  any 
possibility  of  damaging  it,  or  a  strip 
of  flat  iron  or  steel  bar  may  be  drilled 
and  tapped  to  various-sized  screws, 
and  afterwards  sawn  asunder  longitudi- 
nally ;  such  a  pair  of  screw  clamps  is 
further  improved  by  fixing  a  bow- 
shaped  piece  of  steel  at  one  end,  thus  keeping  the  clamps  together 


•.  365. — Vice  clamps. 


Fiu.  366.— Hand  vice. 

and  open  to  admit  the  screws.  Small  hand  vice  are  also  useful  to 
hold  pins  (Fig.  366). 

Keys  and  Key  Pitting. — Keys  are  made  of  wrought  iron,  mild  steel, 
or  tool  steel.  Those  forged  from  mild  steel  bars  or  from  tool  steel 
are  generally  used,  their  shapes  varying  according  as  they  are  fixed  or 
movable.     (Fig.  367.) 

Fixed  Keys. — A  fixed  key,  commonly  called  a  "  sunk  "  or  "  feather  " 
key,  lies  in  a  key  bed  made  in  a  shaft  or  spindle  to  receive  it. 
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Gib-headtd  Keys. — A  gib-headed  key  is  one  which  may  be  driven 
into  its  place  by  hammering  the  head,  or  withdrawn  by  inserting  a 
lever  between  the  face  of  the  work  and  the  inner  face  of  the  key  head, 
or  driven  out  with  a  key  drift. 

Headless  Keys. — ^Keys  without  heads  are  fitted  into  their  place  in 
the  same  manner  as  gib-headcd  ones,  but  in  such  cases  a  "  key  drift  " 
is  used  to  remove  them.  When  it  is  impracticable  for  a  drift  to  be 
used,  a  headed  key  is  fitted ;  and  when  finally  driven  in,  the  head  is 
sawn  off.  The  latter  method  is  adopted  where  a  headed  key  would 
be  dangerous. 

Saddle  Keys. — A  saddle  key  is  frequently  used  for  li^ht  work,  such, 
for  instance,  as  in  fixing  small  pulleys  to  shafts.  Used  in  conjunction 
with  a  sunk  key,  and  placed  at  right  angles  to  it,  a  saddle  key  will 
prevent  a  badly  fitting  wheel  from  rocking  on  its  shaft. 

Headless  keys,  although  safe,  are  troublesome  to  remove;  in  some 
cases  they  have  to  be  destroyed,  by  drilling  a  hole  throi^h  them,  before 
the  wheels  can  be  removed  from  their  shafts.  Sometimes  it  is  necessary 
for  a  wheel  to  slide  for  a  short  distance  along  its  shait,  and  still  rotate 
with  it  at  any  interval  of  its  travel;  in  this  case  a  sunk  key  is  secured 
to  the  shaft  on  which  the  wheel  slides. 

Sunk  keys  are  retained  in  place  either  by  caulking  or  by  screws 
passing  into  the  shafts.  In  heavy  work,  where  lai^e  keys  are  used,  it 
is  a  good  plan  to  first  make  a  piece  of  wood  fit  the  keyways.  It  is 
then  used  as  a  templet,  from  which  the  forger,  grinder,  miller,  or  fitter 
may  work.  The  above  method  is  a  sure  one,  and  greatly  expedites 
the  work  of  the  fitter,  leaving  him  just  a  little  finishing  to  be  done  with 
the  file. 

In  cases  where  a  wheel  has  to  travel  for  a  considerable  distance 
along  its  shaft,  the  key  is  let  into  the  wheel,  and  held  in  place  by  one 
or  two  projecting  pins,  by  screws,  or  by  riveting  up  the  ends  of  the  key. 
The  same  methods  are  adopted  in  opposite  cases,  i.e.  when  the 
shaft  or  spindle  has  end  movement,  and  the  wheels  or  worms  are  fixed, 
only  being  able  to  rotate  with  their  respective  shafts  or  spindles  (see 
Illustrations  of  Various  Methods  of  Keying). 

Another  method  of  keying  is  to  file  a  fiat  surface  on  the  shaft,  and 
then  use  a  gib-headed  or  other  fiat  form  of  key.  The  latter  method 
is  adopted  in  such  cases  as  cannot  be  conveniently  treated  imtil  other 
mechanisms  are  properly  located,  or  when  the  shafts  are  too  slender 
to  permit  hollow  keyways  or  beds  being  cut  in  them. 

"Staking"  is  a  term  applied  to  the  securing  of  heavy  wheels  to 
their  shafts  by  a  number  of  keys.  An  example  of  this  is  illustrated 
in  Fig.  367,  The  shaft  may  be  6  in.  diameter,  and  the  hole  in  the 
boss  of  the  wheel  (which  is  cored  only)  8  in.  diameter.  The  keyways 
may  be  chipped  and  filed  out,  and  the  shaft  planed  or  milled  with 
a  number  of  flats;  the  keys  are  then  driven  in  place,  and  the  wheel 
rim  set  to  revolve  truly,  by  driving  the  keys  more  or  less  on  one  side. 
The  setting  is  quite  as  well  done  by  this  means  as  in  the  lathe,  and 
without  any  fear  of  springing  the  wheel,  which  always  has  to  be  risked 
when  large  but  slender  wheels  are  fastened  on  to  a  face  plate. 
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An  improvement  in  the  system  of  keying  is  given  in  a  patented 
arrangement  by  Messrs.  Geo,  Richards,  Broadheath,  Manchester,  the    j 
distinctive  features  of  which  are  that  the  keys  are  made  of  a  hard  grade 
of  cast  steel,  which  admits  of  them  heing  made  much  thinner,    and 


inserted  in  their  shafts  to  a  greater  depth,  than  is  usual,  thus  giving 
them  a  firm  hold.  The  same  makers  have  also  an  automatic  keyway 
cutting  machine  to  cut  the  key  beds  (see  Fig,  368). 
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When  the  shafts  are  cut,  the  keys  are  simply  forced  into  their  place, 
without  filing  or  any  subsequent  alteration.  Thus  the  work  is  of  a 
much  higher  grade  of  finish,  and  is  more  accurate  than  the  "  hit-and- 
miss  practice  "  of  trial  fitting. 

Trial  fitting,  which  must  now  be  explained,  is  the  system  of  work- 
ing more  by  good  judgment  than  by  measurement,  is  fast  becoming 
obsolete.  It  is,  perhaps,  surviving  longer  in  key  fitting  than  in  ary 
other  branch  of  workshop  practice.  The  method  of  fitting  a  key  to  a 
wheel  and  shaft  has  been  to  select  a  key  as  near  as  possible  to  the 
measured  key  bed,  and  then  to  file  it  down  just  where  it  binds  the 
hardest.  This  process  of  "  fit  and  try  "  is  most  unsatisfactory,  for  two 
reasons :  In  the  first  place,  the  thin  end  of  the  key,  being  repeatedly 
filed,  may  be  too  thin  at  the  finish ;  and  in  the  second,  the  time  taken 
to  repeatedly  try  the  key  is  excessive.  Especially  is  this  the  case  in 
fitting  wheels  to  their  spindles  having  sunk  keys,  and  in  work  which 
needs  a  crane  or  pulley  blocks  to  lift  the  spindle  into  its  place.  It 
should  be  thoroughly  understood  that  a  key  should  fit  the  whole  of  its 
surface  within  the  wheel,  and  not  more  in  one  place  than  another. 
Too  much  emphasis  cannot  be  laid  upon  this,  as  the  subsequent  true 
running  of  both  wheels  and  shafts  are  dependent  upon  good-fitting  keys. 
The  beds  for  keys  are  tooled  out  in  one  of  the  following  ways. 
Very  long  shafts  are  "keyway  cut"  on  a  planing  machine.  Other 
shafts  or  spindles  are  milled  or  cut  in  a  slot  drilling  machine.  Which- 
ever machine  is  used,  the  bed  of  the  keyway  must  be  cut  exactly  true, 
and  flat  in  the  seating.  This  will  require  careful  setting  to  lines  marked 
previously,  but  will  well  repay  when  the  wheel  is  placed  in  position  on 
the  shaft. 

Wheels  are  slotted  with  a  tool  equal  in  width  to  the  bed  in  the 
shaft  It  is  also  the  practice  to  set  out  the  keyway  in  the  wheel,  and 
slot  a  groove  to  a  template  used  for  the  purpose.  Machines  carrying 
special  tools  and  shafts  to  fit  any  standard  hole  are  now  in  use ;  by 
this  means  wheels  may  be  slotted  centrally  (which  is  not  always  the 
case  in  a  keyway  cut  in  a  slotting  machine,  and  it  should  be  here 
pointed  out  that  the  relation  between  the  slotted  wheel  and  the  key 
bed  in  the  shaft  must  be  ascertained  at  the  outset,  so  that  any  slight 
difference  when  the  wheel  is  in  position  may  be  corrected  by  filing). 

Key  fitting  is  important  work  in  several  respects.  In  the  first  place 
the  work  should  be  gauged  over  in  every  detail,  and  in  the  second 
place  carefully  made  to  the  measurements  obtained  by  the  calipers  at 
both  ends  of  the  keyway. 

Vice — Ji^. — "Jigs"  are  of  two  principal  kinds^"  template  jigs" 
and  "  holding  jigs." 

Template  jigs  are  by  no  means  a  modern  introduction,  especially 
in  small  repetition  work.  These  jigs  are  made  use  of  at  the  vice  and 
bench  work,  being  used  as  guides  or  gauges  in  filing  up  thin  pieces 
of  flat  sheet  metal,  and  also  when  the  shape  of  the  piece  is  irregular 
and  will  not  hold  in  the  vice  in  the  ordinary  way.  Especially  is  this 
the  case  in  small-arm  and  similar  small  mechanisms  which  are  finished 
by  filing.     In  some  cases  a  piece  of  steel  is  carefully  prepared  and 
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accurately  finished  and  hardened,  the  shape  of  this  "template"  being 
identically  the  same  as  the  required  work  is  to  be.  Then  a  piece  of 
work  is  put  alongside  the  template,  and  both  are  secured  in  the  vice 
together,  the  filing  being  continued  until  the  work's  surface  is  reduced 
Co  the  same  contour  as  the  template, 

A  much  more  accurate  method  is  to  use  two  hardened  templates 
^th  the  piece  to  be  "filed  up"  sandwiched  between  them;  the  work 
cannot  be  irregularly  filed,  nor  yet  reduced  too  much  by  this  plan, 
while  with  but  one  template  error  is  obviously  possible  to  occur. 

There  are  also  other  appliances  used  to  hold  the  work,  such  as 
blocks  of  wood  on  the  upper  surfaces,  of  which  shallow  beds  or  prints 
for  the  articles  to  be  filed  are  made;  these  blocks  are  also  to  be  classed 
among  filing  jigs. 


—Smith's  fan  or  blowt 
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FORGING  PROCESSES. 

"  Forging"  is  the  shaping  of  wrought  iron  or  steel  whilst  it  is  hot  by 
hammering,  or  by  squeezing  (see  Chap.  Ill,,  on  Manufacture  of  Iron 
and  Steel).  Besides  iron  and  steel  there  are  a  few  copper  alloys 
which  can  be  foiged,  but  these  are  special  mixtures  for  specific  work. 
Forging,  like  other  branches  of  engineering  .workshop  practice,  has 
undergone  considerable  change,  and  can  now  be  divided  into  several 
distinct  departments. 

Heavy  Faring  Shop. — The  heavier  class  of  work  is  wrought  under 
powerful   steam   hammers,    hydraulic   forming   presses,    bentSng  rolls, 
cogging   mills,  and   tilt   hammers  {which  are  not  so  much  in  use  as 
formerly).     In  the  same  shop  fixed 
and  portable  riveting  machines  and 
multiple  drilling  machines  are  also 
generally  found. 

Angle-iron  Smithy.  —  Another 
special  shop  is  devoted  to  the 
treatment  of  angle-iron  bars  of  the 
various  sections  L  X  LI  M 
(Fig.  369).  Here  the  fires  are 
open  all  round,  so  as  to  allow  the 
smith  facility  when  heating  up  the 
bars  for  bending,  forming,  or  weld- 
ing, as  the  case  may  be.  Angle 
smiths  are  very  skilful,  but  ; 
are  not  accustomed  to  general  ft  _ 

"  Forming  "  Shop. — -The  "  forming  "  shop  is  a  modem  develojjment, 
and  is  unique,  inasmuch  as  the  workmen  are  generally  unskilled,  the 
work  being  done  by  special  machines.  The  forgings  produced  are  of 
the  highest  class,  and  are  made  as  follows :  The  bars  to  be  bent  are 
uniformly  heated  in  a  furnace,  from  whence  they  arg  removed  separately 
to  the  table  of  a  forming  machine  ("Bulldozer"),  which  in  its  motion 
and  appearance  somewhat  resembles  an  ordinary  planing  machine  (see 
Figs.  370,  371).  A  pair  of  dies  having  the  exact  form  the  bar  is 
intended  to  assume  are  cast  in  iron.  One  of  the  dies  is  rigidly  secured 
to  the  machine  table,  and  another  fixed  in  perfect  alignment  to  a 
vertical  column  located  at  the  end  of  the  machine  bed.  The  heated 
bar  is  then  squeezed  between  the  dies,  and  thus  receives  an  impression 


Fig.  369,— Seclbns  of  angle  iron. 
:  restricted   to  this  work  alone,  and 
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of  their  particular  shape.  Dies  of  other  forms  are  sometimes  used  ai 
the  opposite  end  of  the  machine  table,  enabling  a  forging  to  be  produced 
by  both  the  forward  and  backward  stroke  of  the  table.  The  dies  are 
frequently  changed  and  others  substituted  for  different  work. 

The  under  framework  for  tramcars  is  an  example  illustrating  this 
method  of  working.    The  peculiar  bends  given  to  some  of  these  bars 
necessitated  the    use    of 
gai^es     and     templates, 
and  the  skill  of  a    first- 
class  workman   to  direct 
the  hammermen  where  to 
strike  when  the  work  was 
entirely  done  by  hand  at 
the   anvil.     In   addition 
to  this,  the  foldings  had 
to    be    overhauled    and 
twisted  to  suit  (which  is 
obviously  necessary  in  all 
'ti     forged    work   which    has 
g     not  to  be  machined,  i.e. 
2     planed  or  shaped). 
M  Compared    with    this, 

-  each  forging  made  in  the 
%  above  machine  is  exactly 
i  true  to  pattern,  and  is 
^  much  more  quickly  pro- 
^  duced  since  it  is  formed 
'■^  in  one  operation  only. 
^  These  machines  are  used 
ft  in  "  gang "  punching 
(j  plates,  also  for  straighten- 
b     ing  purposes. 

Fig.  370  represents  a 
single-geared  "Bull- 
dozer" for  light  running 
where  speed  is  more 
important  than  power. 
These  machines  make 
from  35  to  50  strokes  per 
minute. 

Two  examples  of  bent 
work  are  given  in  Fig,  372. 
These  are  too  well  known 
to  need  description. 
The  Smith's  Hearth. — A  smith's  hearth  was  formerly  a  brick  struc- 
ture ;  it  is  now  generally  constructed  of  iron,  in  two  principal  forms, 
those  of  a  stationary  character  {Figs.  374,  374A),  and  those  made  to  run 
on  wheels,  called  portable  forges  (Fig.  375). 

Tuyere. — In  the  smithy  the  hearth  is  usually  fitted  with  a  tuyere, 
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through  which  the  air  passes  direct  to  the  fire  from  the  fan  or  blower. 
The  tuyere  B  is  made  of  wrought  iron  or  mild  steel,  shown  in  Fig.  373 ; 
the  air  pipe  and  the  nozzle  are  surrounded  with  water  supplied  from  a 


Fio.  371. — Double-geared  "Bulldozer, 

tank.  A,  at  the  back  of  the  hearth.  This  water  is  to  keep  the  tuyere  from 
being  injured  by  the  heat  of  the  fire.  Waterless  tuyeres  of  cast  iron  are 
sometimes  used,  but  these  are  not  so  good  or  reliable  as  the  above. 


Bent  crank  and  dies. 

Fic.  372, 


Eye  bolt  and  di 
-Bent  work  by  above. 


The  Air  Blast. — The  air  to  blow  up  a  smithy  fire  is  obtained  by 
means  of  revolving  vanes,  as  contained  in  a  "  fan  "  or  "  blower,"  or,  for 
very  small  hearths,  by  means  of  a  bellows.     Whichever  form  is  used,  the 
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air  is  drawn  into  a  receiver  and  forced  through  a  pipe  leading  directly 
to  the  heart  of  the  fire. 


Fig.  374.— Iron  hearih. 


Fig.  375,— Portable  hearih, 


Fio.  373.— Waler  tnj-ere. 


or  the  former  class,  Fig.  376  is  an  illustration   of  a  "blower." 
This  IS  considered  one  of  the  most  economical,  as  the  power  required 
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to  run  this  machine  is  very  little,  while  the  speed  of  revolution  is  about 
300  per  minute.  In  this  machine  there  are  two  "  revolvers,"  which  are 
connected  in  such  a  manner  as  to  permit  of  no  backward  escapement  of 
air,  B  shows  a  "  blower  "  of  a  large  size,  with  engine  attached,  suitable 
for  a  large  number  of  foi^e  fires  invented  by  "  Root." 


Fig.  376. ---Root's  blower. 

Fire.— On  the  bed  of  the  hearth  a  layer  of  spent  or  burnt  fuel  is  laid, 
to  prevent  the  fire  from  spreading.  Immediately  below  the  air  noizle  a 
hollow  is  made,  into  which  the  fire  is  placed.  In  ordinary  working  a 
small,  nut-sized  coke,  called  "breeze,"  is  preferred,  which  is  obtained 
by  passing  coke  in  its  usual  form  through  a  crushing  mill.  For  welding 
purposes  this  breeze  is  "  floated,"  i.e.  only  that  portion  which  will  float 
is  used. 
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Slag.—htvy  impurities  the  coke^  may  contain  will  accumulate  and 
form  a  slag  which  is  injurious  to  the  iron,  but  owing  to  its  weight  it  sinks 
below  the  nozzle  and  solidifies  into  dross,  in  which  form  it  is  removed 
from  the  fire. 

Flux. — As  the  slag  sometimes  adheres  to  the  iron,  a  little  sand  is 
sprinkled  on  this  immediately  before  it  reaches  a  welding  heat,  and  the 
iron  then  put  back  into  the  fire  for  a  few  minutes.  When  it  is  ready  the 
sand  will  have  melted  and  formed  a  coating  over  the  hottest  portion, 
which  is  either  knocked  off  or  brushed  off,  according  to  the  size  and 
weight  of  the  bar. 

To  prevent  the  slag  from  sticking  to  the  iron  whilst  in  the  fire  is  not 
an  easy  task  for  a  beginner,  and  all  traces  of  this  should  therefore  be 
avoided  or  removed  as  soon  as  it  is  noticed.  It  may  be  avoided  to 
a  considerable  extent  if  care  is  taken  when  "  taking  a  heat," 

The  slag,  being  much  heavier  than  the  coke,  sinks  below  the  tuyere 
nose,  so  that  when  putting  a  rod  or  bar  into  the  fire  (unless  freshly  made) 
it  should,  at  the  least,  lie  horizontally,  and  in  a  low  fire  the  heated  portion 
of  the  iron  is  best  preserved  by  keeping  its  extremity  inclined  a  little 
upwards.  As  the  fire  sinks  a  little  coke  is  lightly  drawn  from  the  heap 
on  opposite  side  of  the  hearth ;  when  this  is  done  the  temperature  quickly 
rises,  and  the  care  to  keep  the  iron  from  burning  increases,  necessitating 
more  frequent  withdrawals  to  examine  the  progress. 

When  withdrawing  a  heat  to  simply  look  at  it,  do  the  work  steadily, 
otherwise  the  black  coke  will  fall  and  take  the  place  occupied  by  the 
iron,  which  practically  means,  when  getting  up  a  welding  heat,  re- 
commencing the  operation. 

Another  hint  on  the  care  and  use  of  the  fire  is  to  avoid  placing  cast- 
steel  cutting  tools  in  a  "  green  fire,"  for  the  reason  above  stated.  The 
heart  of  the  fire  is  at  a  white  heat,  and  therefore  too  hot  for  crucible  cast 
tool  steel,  and  more  especially  thin  sections,  such  as  chipping  chisels  and 
keen-edged  cutting  tools. 

To  heat  steel  thoroughly  is  important,  and  a  slow  fire  is  necessary  to 
thoroughly  "  soak  "  the  metal. 

Forgoing:  a  Pair  of  Ton^s  (Anvil  Work). — To  foige  and  put  together 
a  pair  of  "  flat  bitted"  tongs  of  the  most  usual  pattern,  select  a  bar  of 
good  i-in.  square  iron;  lay  about  3  in.  on  the  inside  edge  of  the  anvil 
and  "take  down  "  the  thickness  to  \  in.,  at  the  same  time  "drawing"  it 
edgeways  to  maintain  the  width  at  i  tn.  This  is  done  rapidly,  so  as  to 
have  enough  heat  in  the  bar  for  the  next  step,  which  consists  in  turning 
it  at  right  angles  and  hanging  the  "  bit,"  or  part  just  taken  down,  over 
the  front  edge  of  the  anvil  and  flattening  the  bar  just  behind  it.  The 
third  step  is  performed  by  placing  the  work  about  3  in.  farther  forward 
on  the  anvil,  and  again  turning  at  right  angles,  slightly  raising  the  back 
end,  and  striking  the  iron  fairly  over  the  front  edge  of  the  anvil,  alternat- 
ing the  blows  by  turning  and  returning  the  bar.  Cut  off  the  "  bit  "  3  or 
4  in.  behind  the  part  last  heated.  Prepare  a  second  bit  in  exactly  the 
same  manner,  and  scarf  down  one  end  of  each. 

For  the  handles  or  "  reins  "  choose  a  piece  of  5-in.  rod,  upset  one 
end,  scarf  it,  and  weld  it  to  one  of  the  bits.     Serve  the  other  bit  the 
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same.  Punch  a  %-\n.  hole  through  each,  and  connect  them  by 
riveting. 

Reheat  the  finished  tongs  and  dress  them  parallel  j  then  cool  by 
immersion  and  constant  motion  in  cold  water. 

The  other  forms  are  made  in  a  similar  manner,  dressing  the  bits  in 
each  case  around  pieces  of  meUl  of  suitable  shape  and  size.' 

F'g-  377.  A,  B,  and  C,  are  flat  bit  tongs,  hollow  bits,  and  pliers. 

Processes  and  TenuB  used  in  the  Smithy. — "  To  draw  down  "  is  to 
reduce  a  shaft  or  bar  of  iron  or  steel  from  one  dimension  to  another. 
The  work  may  be  done  by  gradually  hammering  the  end  of  the  metal  as 
in  pointing  a  thin  rod.  To  do  this  successfully  the  end  of  the  rod  is 
made  white  hot  and  lightly  hammered,  which  closes  the  fibres  of  the  iron 


346      MACHINE    TOOLS  AND    WORKSHOP  PRACTICE. 

any  desired  diameter  by  passing  it  through  and  through  the  various  dies. 
The  dies  are  adjustable.  Heavy  bars  are  upset  in  different  ways  accord- 
ing to  their  length  and  shape.  When  short  enough  to  pass  vertically  under 
the  steam  hammer,  the  iron  is  quickly  upset  by  first  slacking  those  parts 
not  required  to  be  thickened. 

Making  Iron. — This  practice  is  often  more  expedient  when  a  few 
heavy  forgings  are  to  be  made, 
and  is  called  "making  iron," 
A  short  stiff  bar  is  selected  and 
increased  in  dimensions  by  "  up- 
setting," until  the  mass  is  suM- 
ciently  thickened  to  make  the 
required  forging  from. 

Piling. — When  such  a  bar  is 
not  to  be  obtained,  several  bars 
of  less  dimensions  are  bound 
together,  heated  and  welded,  and 
then  forged  into  the  required 
shape.  This  process  is  called 
"  piling,"  and  improves  the 
quality  of  the  iron  by  thus  com- 
pressing it. 

Smithing. — This  is  somewhat 
distinct  from  forging,  in  the 
genera]  meaning  of  the  term. 
A  smith's  work  may  include  the 
use  of  a  steam  or  power  hammer 
in  addition  to  his  assistant,  the 
striker,  but  if  his  work  is  of  small 
dimensions,  then  the  forgings  are 
Fig.  37S.— "  Ryder "  forging  machine.       entirely  wrought  at  the  anvil. 

Forging. — A  forger's  work  is 
usually  wrought,  partly  at  the  steam  hammer  and  partly  at  the  anvil 
and  swage  block  (see  Fig,  379). 


Striker.— li  the  smith  is  to  turn  out  good  work  expeditiously,  he 
must  have  the  help  of  a  good  striker.  Striking  is  a  matter  requiring 
more  skill  than  one  might  gather  from  a  casual  glance.    The  following 
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points  have  to  be  attended  to.  The  heated  iron  must  be  struck  at  the 
proper  time  and  in  the  right  place  ;  the  proper  hammer  must  be  used 
with  a  suitable  rate  of  blows ;  and,  lastly,  with  just  the  necessary  amount 
of  force  for  the  work  undergoing  operation. 

Experience  in  discharging  this  duty  takes  a  considerable  time  to 
acquire,  as  the  striker  should  be  accustomed  to  the  smith's  nutkod  of 
■working  on  a  job,  hence  it  is  not  an  uncommon  thing  to  find  a  smith 
and  his  assistant  who  have  worked  together  at  the  same  fire  for  years. 

Forging  an  Axle  by  Hand.~To  forge  an  axle  which  is  to  be  turned 
subsequently  to  the  dimensions  given  in  Fig.  380.  It  is  the  practice  to 
make  the  forging  ^  in.  larger  every  way.  From  a  bar  of  ^-in,  round  steel 
cut  ofif  a  piece  6|  in.  long,  heat  it  in  the  fire,  and  after  slaking  both  ends, 
"  upset "  it  by  striking  the  steel  fairly  while  it  is  held  vertically.  The 
position  of  the  swell  is  decided  by  the  amount  of  heated  portion  left 
after  slaking  both  ends. 

A  heat  is  next  taken  on  a  ^in.  square  bar,  which  is  bent  and  cut 
off  to  form  the  collar ;  it  is  placed  on  the  axle,  and  with  a  sharp  blow 


Fig.  380. — Forged  aule. 

secured  in  place.  Reheat  and  weld  with  rapid  blows,  the  collar  resting 
in  the  bottom  swage.  The  next  step  is  to  use  the  top  swage  and  flattener, 
the  weight  of  the  hammer  blows  increasing  as  the  steel  gets  cooler. 

To  facilitate  flattening  the  collar,  a  hole  is  provided  either  in  the 
anvil  or  swage  block,  into  which  the  axle  is  quickly  put.  The  flattening 
tool  is  made  with  one  hollow  side,  which  is  brought  close  up  to  the  axle 
(Fig.  3S0A,  Anvil  Tools).  The  work  is  then  trimmed  and  cut  off,  say, 
65  in.  long. 

In  this,  as  in  all  welded  steel  work,  the  metal  has  to  be  well  "  soaked," 
that  is,  thoroughly  heated,  so  that  the  collar  unites  with  the  axle  to  form 
one  complete  mass.  In  mild  steel  especially,  great  care  has  to  be  taken 
not  to  heat  the  work  too  much,  and  to  give  light  blows  at  first  when 
welding,  otherwise  the  metal  loses  its  power  of  cohesion,  and  crumbles 
under  tbe  hammer. 

Hardening  and  Tempering  of  Steel. — A  piece  of  steel  is  "hardened" 
by  heating  it  to  a  cherry  red,  and  then  quickly  slaking  it.  This,  how- 
ever, leaves  the  steel  too  brittle  for  ordinary  purposes,  and  in  order  to 
give  it  the  necessary  strength,  it  requires  to  be  "  let  down  "  or  slightly 
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softened,  which  consists  of  reheating  to  a  much  lower  temperature,  and 
then  cooling  as  before. 

In  the  case  of  a  chisel  the  edge  is  heated  to  a  cherry  red  for  a 
considerable  length,  and  then  dipped  about  i  in.  in  cold  water.  If  the 
hardened  part  is  now  roughly  polished,  say,  with  a  piece  of  broken 
grindstone,  a  film  of  oxide  will  form  on  the  polished  surface.  As  the 
heat  is  gradually  transmitted  from  the  unslaked  portion  of  the  chisel  to 
the  cutting  edge  this  film  will  change  in  colour.  First  a  pale  yellow 
will  be  observed,  then  brown  yellow,  yellow  with  purple  spots,  purple, 
dark  blue,  and  finally  black  (the  first  colour  corresponding  with  the 
hardest  temper).  As  soon  as  the  dark  purple  reaches  the  cutting  edge 
the  chisel  should  be  at  once  dipped  in  water,  to  cool  it  throughout, 
which  completes  the  tempering. 

The  tempering  colour  for  metal  turning  tools  is  a  dark  straw  yellow. 


Bottom  swage.  Top  swage,  FlaUener.  Set  hammer.  Bottom  fuller. 


Top  fuller.         "  Oliver  Smith's"  anvil  set.  Sledge. 

Fig.  3S0A,— Tools  used  at  anvil. 

approximating  brown,  corresponding  to  470"  to  490°  F.  For  chipping 
chisels  and  other  percussive  tools  it  is  a  brown  yellow,  representing 
about  500°  F. ;  and  for  springs  and  saws,  purple  and  dark  blue,  indica- 
ting a  temperature  of  550°  to  600°  F. 

Casekardening. — Casehardening  consists  of  heating  wrought  iron  in 
contact  with  carbonaceous  substances,  as  yellow  prussiate  of  potash, 
bone  dust,  horn-shavings,  etc.,  and  then  quenching  it  in  water.  This 
process  converts  the  surface  of  the  iron  into  steel,  and  is  often  employed 
in  the  hardening  of  dies  and  other  working  parts  of  machines. 

Punching.— '^o\.&%  may  be  made  in  hot  iron  or  steel  bars  by  driving 
a  steel  punch  through  them.  The  bars  to  be  punched  are  made  as  hot 
as  is  practicable  without  burning  the  edges  or  surface  of  the  work. 
The  smith's  punch  is  a  little  taper,  so  that  it  may  easily  be  withdrawn 
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from  the  hok  after  punching.  Cold  work  is  differently  treated;  the 
punches  are  slightly  taper,  but  in  an  opposite  direction  to  those  used 
on  hot  work  The  largest  diameter  is  at  the  extremity,  the  result  being 
that  a  hole  punched  in  this  way  is  parallel,  and  the  punch  itself,  by 
cutting  on  its  end  face,  is  used  without  wedging,  owing  to  the  clearance 
given  at  the  back  of  the  cutting  edge. 

Drifting.— 1ini\%  are  tools  used  to  enlarge  holes  which  have 
previously  been  punched  or  made  by  drilhng,  or  by  "coring"  as  is 
frequently  the  case  in  castings  of  malleable  iron  and  mild  steel. 

Drifts. — The  smith's  drift  for  hot  work  is  much  similar  to  the  punch 
he  uses,  Le.  smaller  at  the  entering  end,  and  here  again  the  taper  is  in 
a  converse  position  in  drifts  used  in  making  holes  to  a  larger  diameter 
(except  the  fitter's  serrated  drift,  which  is  provided  with  a  series  of 
cutting  edges  at  a  regular  distance  apart,  each  cutting  edge  being  a 
little  in  excess  of  the  preceding  one). 

Boiier-maket's  Drifts. — -When  boiler  plates  which  have  been  punched 
are  put  together,  the  holes  are  not  always  in  alignment ;  a  drift  is  then 
hammered  through  the  holes  until  the  rivet  can  be  passed  throi^h. 
This  practice,  however,  is  not  good,  and  drilled  plates  are  used  in 
boiler  work  to  obviate  the  use  of  drifts  in  this  particular. 

"6i>a4(«^"  signifies  thoroughly  heating,  and  is  a  term  used  more 
especially  in  heating  heavy  forgings.  To  do  this  effectually  the  forger 
carefully  regulates  the  amount  of  air  passing  to  the  fire,  until  the  mass 
is  heated  generally.  To  allow  a  full  blast  of  air,  the  temperature  of  the 
fire  would  quickly  increase,  and  would  be  sutBcient  to  burn  the  exterior 
of  the  iron  before  the  interior  could  be  hot  enough  to  be  worked. 
This  exterior  burning  happens  to  some  extent  when  the  "  heat "  is  about 
ready  to  be  withdrawn.  It  will  thus  be  seen  that  experience  is  very 
necessary  for  the  forger  to  give  him  correct  judgment  as  to  when  a  huge 
mass,  or  even  one  of  smaller  dimensions,  has  been  thoroughly  "  soaked  " 
with  a  minimum  amount  of  burning. 

Welding  A'a/.— This  for  wrought  iron  is  indicated  by  the  fizzing 
sparks  given  off,  and  by  the  white  appearance  of  the  iron  when  with- 
drawn from  the  fire.  Mild  steel  welds  at  a  less  intense  heat  than  does 
wrought  iron,  and  therefore  needs  more  care  in  beating.  Tool  steel 
soon  becomes  plastic,  and  looses  its  properties  if  once  heated.  For  these 
reasons  it  is  seldom  welded ;  scarcely  ever  is  it  welded  to  another  piece 
of  similar  steel.  The  higher  the  grade  of  steel  the  greater  the  difficulty. 
This  steel  is  spoilt  for  the  manufacture  of  cutting  instruments  if  over- 
heated. Steel  of  a  lower  grade,  as  shear  steel,  double  shear,  etc.,  may 
be  satisfactorily  welded  to  good  wrought  iron  for  facing  purposes,  such 
as  hammers,  and  similar  tools.  This  is  owing  to  the  fact  that  it  possesses 
less  carbon. 

Forms  of  'VAi.S.— Welding  (Fig.  381). — Welding  is  the  joining 
together  of  two  pieces  of  iron  or  steel  when  at  a  high  temperature. 
There  are  two  distinct  ways  of  doing  the  work— (i)  by  heating  the  parts 
to  be  welded  in  a  coal,  coke,  or  other  fire,  and  afterwards  hammering 
them  together  while  in  a  plastic  condition ;  (a)  by  electric  welding  process. 
The  latter  is  not  a  general  practice,  but  by  it  joints  may  be  united 
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in  very  awkward  places,  in  some  of  which  the  former  method  would  be 
altogether  impracticable.  Besides  this,  electric  welding  is  successfully 
carried  out  on  works  that  are  far  advanced  in  construction ;  the  unions 
thus  made  are  perfectly  sound  and  thorough.  The  parts  to  be  joined 
are  brouglit  closely  together  and  heated  and  joined  or  welded  so 
quickly  as  to  leave  no  time  for  oxide  to  form, 

T^e  former  process  requires  care  and  experience  to  make  reliable 
welds.  The  following  points  should  be  observed :  A  clean  fire  is 
essential.  Coke  free  from  sulphur — preferably  those  which  are  first 
"floated."  No.  i  "Breeze"  is  considered  good.  Good  iron  or  steel 
are  necessary  to  get  satisfactory  results.  Impure  iron  will  not  weld,  and 
is  therefore  outside  consideration  for  the  purpose.  The  pieces  to  be 
united  are  both  "upset"  and  scarfed;  this  spreading  is  to  obtain   an 


^^ 


D 
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A.— Scarfjoii 


:]t 


C. — Tongue  joint. 
Fir,.  381A,  B,  c— Forms  of  welds. 

enlaigement  at  the  joint,  which  is  afterwards  hammered  down  to  the 
dimensions  at  other  parts  of  the  bar.  (There  is  always  a  wasting  away 
of  the  iron,  and  unless  well  upset,  a  reduction  would  be  noticed  when 
the  weld  was  finished.) 

The  smith  bends  the  surface  outwards  to  ensure  the  joint  being 
internally  sound  (see  forms  of  welds,  Fig.  381A).  It  is  obvious  when  the 
rounded  faces  touch  first  a  sure  contact  is  obtained  by  hammering  the 
outer  edges  down  as  the  work  is  rotated,  thus  any  impurities,  together 
with  the  air,  are  driven  out.  Very  much,  however,  depends  upon  the 
temperature  at  which  the  pieces  are  heated  to,  and  to  the  length  of  time 
they  remain  in  the  fire  at  that  temperature.  It  is  most  important  to 
heat  both  pieces  alike  by  allowing  them  to  reach  welding  heat  at  the 
same  time,  and  withdrawing  them  instantly.  In  heavy  work  two  fires 
are  employed  to  enable  the  smith  to  do  this. 
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Scale  or  oxide  must  be  quickly  brushed  or  knocked  off,  and  the  joint 
made  in  the  least  possible  time.  In  heavy  bars  the  faces  to  be  joined 
are  brushed  with  a  wire  brush  immediately  before  contact  is  made. 
Should  any  scale  remain  on  the  jointed  surfaces,  the  weld  at  those  parts 
will  be  insecure. 

There  is  no  indication  of  unsoundness  by  the  outside  appearance, 
nor  can  a  faulty  weld  always  be  detected  by  the  sound  when  the  foiling 
is  struck  a  sharp  blow  ;  it  is  not  until  the  outer  surface  has  been  tooled 
that  defects  should  be  searched  for,  but  then  a  sharp  blow  near  the 
joint  should  he  given,  and  if  defective,  by  appearance  or  otherwise, 
repeated  blows  will  eventually  open  out  the  defect. 

A  "butt"  weld  is  formed  by  first  upsetting  the  two  ends  and  weld- 
ing without  scarfing,  as  in  Fig.  381R,  d.  This  form  of  weld  is  adopted 
when  a  shaft  needs  to  be  lengthened  but  a  little,  or  in  the  case  of 
joining  flat  bars  at  a  right  angle,  i.e.  where  the  weld  is  made  at  a  con- 
siderable distance  from  both  ends  of  a  bar.  Another  welded  joint  is 
the  tongue  weld,  represented  in  Fig. 
3S1C  It  is  important  to  notice  that 
the  wec^e  goes  to  the  root  of  the  split  to 
ensure  a  sound  weld. 

Hut  and  Bolt  Machinery  (Porge).— 
Nuts  and  bolts  are  made  in  both  iron 
and  mild  steel,  and  for  the  trade  special 
machinery  is  employed.  Where,  how- 
ever, it  is  the  practice  for  an  engineering 
firm  to  make  their  own  forgings  through- 
out, then  nuts  and  bolts  are  made  by 
"  Oliver "  smiths.  /  \ 

An  "  Oliver "  is  a  hammer  with  an       ^ 

iron  shaft,  which  is  hinged,  and  sus- 
pended over  the  anvil  by  a  spring.  The 
smith  works  without  an  assistant,  which 
makes  it  impossible  for  large  bolts  and 

nuts  to  be  made  in  this  way;  but  small  bolts  and  nuts  are  quickly 
produced,  and  the  quality  of  the  work  is  of  the  highest  class.  All  the 
tools  are  made  to  fit  the  anvil,  so  that  there  is  no  holding  required. 
The  suspended  hammer  is  worked  by  the  foot. 

Where  large  quantities  are  made  by  machinery  the  iron  is  heated  in 
a  special  furnace,  which  in  some  cases  is  fed  automatically  by  a  thin 
stream  of  oil,  which  has  the  advantage  of  keeping  the  temperature  of 
the  furnace  uniform,  and  at  the  same  time  is  perfectly  clean  and  compact, 
there  being  neither  chimney  nor  flues  for  the  smoke  or  fumes 
necessary.  Several  bars  or  rods  are  heated  simultaneously,  and  when 
the  bolt-making  machines  are  worked  to  their  full  capacity,  the  output 
is  enormous.  The  machines  are  simple  and  effective.  The  punches 
are  so  made  as  to  leave  but  a  small  punching.  The  burr  being  forced 
into  the  body  of  the  nut,  the  iron  is  thereby  compressed,  and  the  nut 
reliably  sound. 

The  bolt-forging  machine  has  a  rising  and  falling  motion ;  the  bolt, 
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a  rod  of  suitable  length,  is  inserted,  and  the  machine  presses  it  roughly 
into  the  shape  of  a  bolt  by  one  stroke,  and  the  second  operation  finishes 
it.  By  this  arrangement  several  tons  of  bolts  are  foiled  in  a  week  by 
a  roan  and  boy. 


Fig,  382. — Steiin  hammer  (30  cwt.). 

Mushroom-headed  bolts  have  a  thin  fin  or  flash  left  as  they  proceed 
from  the  dies;  this,  however,  is  quickly  removed  by  holding  them  against 
a  serrated  disc  of  steel,  which  revolves  at  a  very  high  speed. 

Forging  Hammer.^— Fig.  382  illustrates  a  steam  hammer  of  30  cwt. 
size,  the  representative  type  for  general  and  locomotive  work.     The 
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tongesf  stroie  is  39  in, ;  the  space  between  the  arch  of  the  standards, 
S  A.  I  in. ;  diameter  of  cylinder,  17  in.  These  hammers  are  in  con- 
stant use  in  iron  and  steel  worits  where  large  masses  of  metal  can  be 
hammered  direct  from  the  furnace,  as  in  shingling,  or  huge  lumps  forged 
into  shape  without  the  standards  in  any  way  obstructing  the  progress. 
In  this,  as  in  the  other  types,  the  anvil  blodc  passes  through  the  base 
plate  on  to  a  foundation,  as  illustrated  in  Fig.  383.  Masse/s  patent 
valve  gear  is  fitted  for  single  and  double  acting,  thus  rendering  the 
hammer  under  perfect  control  at  any  point  on  its  way  up  to  give  a  light 
or  heavy  blow. 

at«am  Hammer8.--The  energy  of  the  blow  of  a  hammer  is  expressed 
in  foot-pounds,  and  may  be  ascertained  by  the  following  formula : — 

a  =  area  of  piston  in  square  inches. 

p  =  average  pressure  of  steam  on  piston  during  downward  stroke 
in  pounds  per  square  inch. 

S  =  stroke  of  piston  in  feet. 

w  =  falUr^  weight  in  pounds. 

E  =  energyofblowaftei  full  stroke  and  before  strikinginfoot-pounds. 

E  =  (a/  +  w)  S 
The  velocity  of  the  tup  the  instant  before  striking  may  be  calculated 
by  the  following  formula  : — 

P  =  total  pressure  on  piston  =/<j. 

F  =  total  force  causii^  downward  acceleration  =  V  -^-w  =pa  +  w. 

g  =  acceleration  due  to  gravity  =  ^2-2. 

V  =  velocity  after  full  stroke  and  before  striking  in  feet  per  second, 

v.  =  ?«^ 

W 

The  question  is  sometimes  asked,  "  What  we^ht  of  blow  does  the 
hanuter  strike  ?  "  The  force  of  a  blow  cannot  be  stated  in  terms  of 
weight,  because  the  pressure  of  a  we^ht  is  continuous,  whereas  the  force 
of  a  blow  is  expended  in  a  moment.  It  has,  however,  been  ascertained 
by  careful  experiments  that  the  niaximum  blow  of  a  5  cwt.  double-actii^ 
steam  hammer,  with  moderate  steam  pressure,  produces  a  crushing  effect 
upon  a  piece  of  hot  iron  as  great  as  that  produced  by  a  load  of  about 
30  tons.  A  J-cwt.  double-acting  steam  hammer,  with  moderate  steam 
pressure,  produces  a  crushing  effect  equal  to  that  produced  by  a  load  of 
about  3^  tons. 

In  old-fashioned  single-acting  steam  hammers  the  steam  could  only 
act  on  the  under  side  of  the  piston,  the  tup  falling  merely  by  its  own 
weight. 

In  double-acting  steam  hammers  the  steam  is  also  allowed  to  press 
on  the  top  of  the  piston  during  the  fall,  to  increase  its  speed.  This,  of 
course,  enables  many  more  blows  to  be  struck  in  a  given  time  and  more 
work  done  at  one  heat. 

When  fixing  steam  hammers  it  is  important  to  have  them  securely 
bedded  on  good  foundations.  By  referring  to  Fig.  383  it  will  be 
observed  that  three  or  four  courses  of  brick  are  first  laid,  next  a  bed  of 
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stone  or  concrete,  and  above  this  pitchpine  is  laid  plankwise.  The 
anvil  block  passes  through  the  base  plate,  and  rests  on  this.  Ttie  base 
plate  securing  the  standards  is  also  supported  on  pitchpine  blocks ;  by 
thus  cushioning  the  hammer  the  vibration  is  considerably  reduced. 

Combined  Valvt  Gear. — Combined  self-acting  and  band-worked  valve 
gear  is  shown  in  Fig.  384.  By  the  use  of  this  arrangement  the  hammer 
works  automatically,  strikes  lightly  or  heavily,  quickly  or  slowly,  with 
long  or  short  strokes  as  desired,  the  change  being  made  instantaneously 
without  stopping  the  hammer.  Dead  blows  can  also  be  given  by  hand 
at  any  moment  without  adjustment  of  the  gear.  When  work  requires 
to  be  bent,  it  may  be  firmly  held  between  the  pallets. 

The  letters  refer  to  the  more  important  working  parts. 

D  is  a  piston  valve. 


Fig.  383.— Method  of  filing  steam  hammer.  Fio.  384.— Combined  valve  gear. 

F  is  a  piston-valve  spindle.    This  should  be  kept  fairly  well  screwed 

up,  otherwise  the  hammer  will  work  irregularly. 

L  is  a  spiral  spring.  This  should  be  kept  tight  enough  to  hold  the 
curved  lever  J  always  in  contact  with  the  roller  I,  but  not  tighter  than 
it  is  necessary  to  do  this. 

N  =  position  for  short  strokes. 

P  =  position  for  long  strokes. 

0  =  hand-working  lever,  not  used  when  hammer  is  working  self- 
acting  ;  but  when  a  dead  blow  is  required  this  lever  is  pressed  downwards. 

There  is  a  screw  adjustment,  S,  in  valve-spindle  F  which  must  be 
adjusted  till  the  piston  makes  a  full  stroke  without  striking  the  cylinder 
cover  E,  with  lever  M  in  position  P,  and  full  pressure  of  steam  from 
the  boiler. 

Hand  Valve  Gear. — In  the  hand-worked  valve  gear  (Fig.  385)  the 
hand  lever  requires  to  be  worked  for  each  stroke,  while  a  tripper  lever 
automatically  cuts  off  the  steam  from  below  the  piston,  thus  making 
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it  almost  impossible  Tor  the  piston  to  strike  the  cylinder  cover.  The 
admission  of  steam  below  the  piston  is  regulated  by  a  cam  adjustment. 
The  valve  spindle  is  furnished  with  a  spring  socket  to  reduce  the  shock 
felt  by  the  hammerman  when  the  tup  strikes  the  tripper  lever. 

D  =  the  piston  valve. 

FF  =  screw  adjustment  in  piston-valve  spindle. 

S  =  hand-working  lever.  This  lever  controls  piston-valve  D ;  when 
it  is  raised,  the  tup  rises ;  when  it  is  lowered,  the  tup  falls. 

W  is  the  tripper  lever.  When  the  tup  strikes  this  lever  it  turns  off 
the  steam  from  underneath  the  piston  so  as  to  check  the  rise  of  the  tup. 

If  lever  S  be  moved  too  suddenly  the  piston  might  strike  the  cylinder 
cover ;  but  means  for  preventing  this  are  provided  (see  VV). 

VV  is  the  cam  for  r^ulating  steam  admission  below  the  piston. .  This 
cam  may  be  turned  into  any  position  so  as  to  limit  the  upward  travel  of 


ff 


Fig.  385. — Hand-worked  vilve  gear.  Fig.  386.— Steam  luunmer  tups, 

the  lever  S  to  any  required  extent  and  prevent  admission  of  too  much 
steam  below  the  piston.  It  is  the  practice  when  first  starting  the  hammer 
to  set  the  cam  in  its  lowest  position,  and  then  gradually  turn  it  round 
until  the  best  working  position  is  found. 

W  is  the  pin  for  making  the  hammer  single-acting.  When  this  is 
allowed  to  limit  the  downward  movement  of  the  lever  S  no  steam  is  ad- 
mitted to  the  top  of  the  piston,  therefore  the  hammer  works  single-acting. 

X  is  a  spring  socket  previously  referred  to. 

Sometimes  in  starting  the  hammer  the  piston  valve  sticks  fast,  and 
has  to  be  forcibly  moved  up  and  down  a  few  times  before  it  works  freely. 
In  this  case  it  is  necessary  to  put  a  small  pin  into  the  hole  V  in  order  to 
pull  the  valve  down  by  means  of  lever  S. 

Tw/j-.— The  tups  of  steam  hammers  are  made  of  mild  steel  or 
hammered  scrap  iron.  When  it  is  necessary  to  loosen  the  trip  from  the 
piston  rod  the  front  stay  H*  (Fig.  386)  is  removed,  and  the  tup-pin  H^ 
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is  driven  out ;  then  by  inserting  a  Steel  punch,  Z,  a  heavy  dead  blow  is 
given. 

The  tups  are  of  two  kinds;  for  small  hammers  they  are  usually  made 
separate  from  the  piston.  Hammers  over  12  cwL  size  are  supplied  with 
tups  foiled  solid  with  the  piston  rod.  In  the  latter  case  the  cylinder 
stuffing  boxes  are  necessarily  made  loose  and  in  halves. 

Smithwork. — The  value  of  a  steam  hammer  is  greatly  increased  by 
the  addition  of  useful  tools  suited  to  it,  for  cutting  off,  necking  down, 
swaging,  etc.,  some  of  which  are  illustrated  below  (Fig.  387). 


Fig.  387.— Tools  used  a(  steam  hammer. 

AB  are  plain  spring  swages  used  in  reducing  round  iron  or  steel. 

£F  are  single  top  swages. 

GHI  are  single<bottom  swages. 

J  =  special  anvil  pallet  for  single-bottom  swages, 
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K  =  spring  necking-tools  used  when  locating  the  amount  and  dis- 
tance the  swaging  is  to  be  done  along  a  shaft  of  iron  or  steel. 
L  =  a  flattening  tool  or  "  nobbier," 

M  =  hot  cutter  or  knives. 

N  =  cold  cutters. 

O  =  vee  tools  for  shouldering. 
P  =  round  necking  tools. 

Q  =  scarfing  pallets. 

R  =  drawing  pallets. 
S  =  hammer-making  pallets. 

T  =5  file-making  pallets. 

The  hammer  shown  in  Fig.  388  is  a  1  cwt.  size,  in  general  use  for 
light  smithing.  In  this  type,  with  overhanging  slides,  there  is  room  for 
long  bars  to  be  placed  between  the  standards. 

Steam  Stamp.—Another  form  is  shown  in  Fig.  389,  in  which  the  tup 
is  guided  by  round  adjustable  pillars.  This  hammer  is  used  for  stamp- 
ing. The  illustration  represents  a  ro-cwt.  size  with  a  massive  base  block, 
on  the  top  of  which  the  lower  die  may  be  secured  and  adjusted  by  the 
bolster  screws.  The  piston  has  a  stroke  of  30  in.,  and  has  at  the  top 
a  spring  buffer  arrangement  to  prevent  it  striking  the  cylinder  cover,  as 
the  piston  returns  to  the  top  of  stroke  directly  hand  lever  is  released. 
Provision  is,  however,  made  for  regulating  the  force  of  the  blow,  and 
the  speed  at  which  the  tup  rises  off  the  work  after  the  blow  has  been 
given. 

Stampings  Dies. — Ordinary  dies  may  be  fixed  somewhat  similarly  to 
the  fixing  of  a  bolster  in  a  pimching  machine.  For  ordinary  methods 
see  A  and  B,  Fig.  390.  Special  methods  of  fixing  dies  for  exceptional 
cases  are  shown  at  C,  D,  E,  F  and  G.  The  dies  should  be  so  placed 
in  the  stamp  that  the  centre  of  pressure  upon  the  forging  shall  be  as 
nearly  as  possible  on  the  vertical  centre  line  of  the  tup.  This  greatly 
relieves  the  strain  upon  the  slides  or  piston  rod  of  the  stamp.  A  blast 
pipe  is  used  to  blow  the  scale  out  of  the  bottom  die. 

It  is  customary  in  using  steam  hammers  and  steam  stamps  to  drain 
all  the  water  from  the  steam  pipes,  so  as  to  supply  dry  steam  to  the 
cylinder. 

Player's  Patent  Pneumatic  Hammer. — The  hammer  shown  in 
Fig.  391  is  driven  by  belt.  The  driving  pulley  is  fixed  to  a  steel  shaft 
which  works  a  "  banjo  "  {better  known  as  "  cross  slide  ")  by  means  of  a 
slipper  block,  which  causes  the  banjo  attached  to  the  cylinder  to  vibrate 
in  a  vertical  direction.  Inside  the  cylinder  there  is  a  piston  which  is 
kept  air-tight  in  the  usual  way.  The  "tup"  fixed  to  the  piston  rod 
carries  the  hammer  which  gives  the  blow.  When  the  hammer  is  started 
the  piston  rises  in  the  cylinder  to  its  highest  position,  then,  by  means  of 
a  valve  attached  to  the  back  of  the  cylinder,  the  tup  can  be  gradually 
brought  down  with  at  first  light  blows,  then  heavier  blows,  as  required 
according  to  the  will  of  the  operator,  and  is  controlled  by  a  foot  or  hand 
lever  according  to  the  size  of  the  hammer. 

The  variation  of  the  blow  is  caused  as  follows:  Supposing  the  piston 
to  be  at  its  highest  position,  on  pressing  the  treadle  down  or  altering  the 


Dcinz.aoy  Google 


358      MACHINE    TOOLS  AND    WORKSHOP  PRACTICE. 

handle,  as  the  case  may  he,  the  air  is  allowed  to  escape  from  underneath 
the  piston,  and  as  it  is  being  drawn  in  both  above  and  below  the  piston 
by  the  shifting  valves,  seen  in  front  of  the  cyhnder,  it  can  be  readily 
understood  that  by  alteration  of  the  controlling  valve  at  the  back  of  the 


Fig.  388.— Stewn  hammer  (1  cwl.). 
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Fig.  389. — Steam  hammer  (10  cwt.). 
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cylinder  an  ins(ant  alteration  of  the  position  of  the  piston  in  the  cylinder 
is  obtained.  On  releasing  the  foot  or  hand  lever  the  cylinder  draws  in 
ail  below  the  piston,  and  forces  the  piston  again  to  its  liighest  position. 


Fig.  390,— Stamping  dies. 


Fig.  391. — Pneumatic  belt-driver  hamoier. 
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While  the  hammer  is  running,  the  piston  is  cushioning  up  and  down  in 
the  cylinder  ready  to  give  an  instantaneous  blow. 

The  ;  cwt.  hammer  {Fig.  392)  gives  350  blows  per  minute,  and  the 
7  cwt.  hammer  runs  at 
150  to  300  blows  per 
minute.  The  brake, 
worked  by  hand  lever, 
is  used  for  stopping  the 
hammer  at  any  point  of 
the  stroke  whilst  run- 
ning. 

FBeomatic  Toole. — 
The  "  Boyer  "  riveter  is 
used  for  riveting  shell 
plates  with  rivets  up  to  1^ 
in.  diameter.  The  rivet- 
ing hammer  is  mounted, 
and  has  a  travel  of  35 
in.  in  an  outer  cylinder, 
to  which  air  is  admitted 
when  the  hammer  trigger 
is  depressed.  The  pres- 
sure, acting  on  a  collar 
surrounding  the  hammer 
barrel,  shoots  the  tool 
forward  on  to  the  rivet 
head,  the  notched  bar 
at  the  other  end  of  the 
rigging  being  adjusted 
to  provide  the  reaction 
necessary  for  the  snap 
to  be  continuously 
pressed  on  to  the  rivet, 
while     the     percussive 

riveting   action    is    per-  Fic.  392.— Pneumalic  belt-driven  lismmer.    " 

formed  by  the  hammer. 

The  hammer  with  its  casing  is  mounted  in  a  spherical-  bearing  which 
enables  it  to  be  turned  about  through  any  desired  angle  within  the 
requisite  limits.  In  a  more  recent  type  the  air  is  admitted  through  a 
throttle  valve. 
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Bivets  asd  Biveting. — Rivets  are  generally  used  in  permanent  struc- 
tures, as  built-up  girders,  bridges,  roof-principals,  pit-head  frames,  and 
so  forth.  For  constructional  or  boiler-work  the  rivets  are  made  either  of 
steel  or  the  best  wrought  iron.  Rivets  for  this  class  of  work  are  prefer- 
able to  bolts,  as  they  are  hammered  home  whilst  hot,  the  contraction 
during  cooling  tending  to  bind  the  plates,  or  whatever  is  being  riveted, 
together  very  rigidly. 

Riveting  is  done  by  hand  or  by  a  machine  worked  by  hydraulic  or 
other  power  (see  Hydraulic  Riveting  of  Various  Joints,  Fig.  393). 
Most  of  the  rivets  used  now  are  machine  made.  In  the  manufacture  of 
these  the  rod-iron  is  fed  into  a  forging  madiine,  and  whilst  hot  the 
required  length  is  cut  off.  On  this  length  of  rod  a  head  of  the  desired 
shape  is  then  formed  (see  Figs.  A,  B,  and  C). 

In  hand-riveting  the  holes  in  the  plates  to  be  secured  together  are 
first  brought  in  line,  the  hot  rivet  is  passed  through,  and  one  workman 
holds  a  lever  on  the  head  of  the  rivet  on  one  side  of  the  plates  whilst 
another  hammers  the  protruding  portion  of  the  rivet  on  the  opposite 
side,  thus  forming  the  other  "  head."  The  most  common  form  of  rivet 
is  the  "cup-head"  shown  at  A,  Fig.  393.  The  rounded  appearance 
is  given  it  whilst  hot  by  means  of  a  "  snap "  or  die.  B  C  illustrate 
"  conical "  and  "  pan-head  "  rivets.  The  diameter  of  the  rivet,  of  course, 
depends  upon  the  thickness  of  the  plates  through  which  it  passes.  A 
rough  rule  is  to  make  the  rivet  diameter  twice  the  thickness  of  one  of 
the  plates,  a  better  one  is  D  =  T  |  -|- 1  in.,  where  D  represents  diameter 
of  rivet  and  T  the  thickness  of  plate.  The  "  snap,"  as  it  is  sometimes 
termed,  or  the  length  of  the  rivet  required  to  form  the  head  after  it  is 
in  position,  is  generally  taken  as  i^  times  the  diameter. 

In  cases  where  the  projection  of  rivet  heads  would  be  objectionable, 
as  one  girder  resting  upon  another,  the  practice  is  to  countersink  the 
rivets;  this  will  be  understood  from  a  glance  at  Ci,  Fig.  393.  The  outside 
plate  of  the  girder  is  countersunk  about  two-thirds  of  its  thickness,  and 
the  rivet  hammered  down  till  flush  with  the  plate-  The  allowance  for 
"snap"  in  the  countersunk  rivet  is  from  5  D  to  D,  D  representing 
rivet  diameter. 

Rivet  holes  are  either  punched  or  drilled.  For  the  better  class  of 
work,  however,  as  boilers,  drilling  is  much  to  be  preferred.  Punching, 
it  was  found,  had  a  serious  effect  on  the  plates,  especially  if  these  were 
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of  second-class  quality.  This,  to  some  extent,  was  remedied  by  the 
process  of "  annealing,"  which  consists  of  heating  the  plates  to  redness 
over  a  wood  fire  for  some  time,  which  allows  the  iron  to  resume  its 
original  fibrous  condition.     Of  course,  if  in  being  punched  the  plates 


G', — Chain  riveling.  Zigiag  riveling. 

Fig,  393. — Rivets  and  riveting. 


Dcinz.aoy  Google 


364       MACHINE    TOOLS  AND    WORKSHOP  PRACTICE. 

cracked,  say  across  the  line  of  holes,  annealing  was  of  no  avail.  Another 
method  resorted  to  with  punched  plates  is  to  reamer  the  holes  about  ^  in. 
larger.  Where  drills  are  employed,  the  holes  are  more  accurately  spaced, 
necessitating  less  labour  in  drifting ;  but  if  the  plates  have  to  pass  through 
the  bending  rolls  the  burrs  left  by  the  drills  must  first  be  removed,  which 
is  unnecessary  with  punched  plates.  In  good  boilerwork  it  is  customary 
to  bend  the  plates  first  and  drill  them  when  in  position,  which  provides 
against  the  holes  being  out  of  truth  with  each  other.  Drilling  holes  is 
rather  more  expensive  than  punching,  but  where  multiple  drills  are 
employed  the  difference  in  cost  is  little. 

Whilst  discussing  the  merits  of  punching  and  drilling,  we  might  draw 
the  reader's  attention  to  a  detail  in  connection  with  punching.  Owing 
to  the  fact  that  the  hole  in  the  bolster  or  die  is  slightly  larger  than  the 
punch,  punched  holes  are  found  to  be  taper.  Advantage  can  be  taken 
of  this  by  placing  the  plates  to  be  riveted  so  that  the  larger  diameter  of 
the  hole  is  outside,  as  shown  in  D,  Fig.  393.  When  the  rivet  is  hammered 
in  position  it  acts  somewhat  to  the  purpose  of  a  countersunk  rivet,  the 
contraction  whilst  hot  binding  the  plates  very  securely  together,  at  the 
same  lime  taking  some  of  the  load  off  the  head.  In  a  shearing  stresSi 
however,  no  advantage  is  gained,  as  the  rivet  at  the  point  of  shear  is 
only  its  original  diameter. 

Caulking  and  Fullering.— ^o  ensure  a  steam  or  air-tight  joint  after 
riveting,  "caulking"  or  "fullering"  is  resorted  to.  This  perhaps  will 
best  be  understood  by  a  glance  at  Figs.  E,  F,  The  edge  of  the 
outside  plate  at  the  joint  is  planed  to  a  slight  bevel,  and  the  caulking 
tool,  which  resembles  a  blunt-nosed  chisel,  hammered  against  this,  at  the 
point  shown.  The  fullerii^  tool  is  generally  the  same  thickness  at  the 
point  as  the  plates.  By  the  application  of  this  tool  any  space  left  between 
the  rivet  and  plate  k  closed  up.  Rivet  heads  are  only  caulked  when 
they  are  found  to  leak. 

Forms  of  Joints.— "Wi^  simplest  and,  by  the  way,  weakest  form  of 
joint  is  known  as  the  "  single-riveted  lap-joint "  illustrated  at  E',  F^.  393. 
The  distance  of  the  rivet  holes  from  the  edge  of  the  plate  should  not  be 
less  than  the  diameter  of  rivet.  The  "  lap,"  i.e.  the  amount  one  plate 
overlaps  the  other,  is  usually  a  little  more  than  three  times  this,  whilst 
the  pitch  may  be  taken  from  2  to  z\  times  rivet  diameter. 

A  stiffer  joint  for  boilerwork  is  the  "  butt  joint "  G.  Fig,  393  repre- 
sents this  joint  with  one  cover-plate  only.  In  this  case  the  thickness  of 
the  cover  or  strap,  to  comply  with  the  Board  of  Trade  rule,  should  be 
I5  times  the  thickness  of  the  boiler  plate.  If  double-cover  straps  are 
used,  the  thickness  of  each  of  these  should  equal  that  of  the  single  strap, 
A  joint  may  be  either  single,  double,  or  treble  riveted,  as  will  be  seen 
from  Figs,  E',  F',  G'.  In  some  cases  of  girder-work  even  more  rows  of 
rivets  may  be  found  necessary.  The  spacing  of  the  rivets  may  be  either 
"chain"  or  "zigzag." 

Chain  riveting  on  the  whole  is  stronger  than  zigzag  riveting,  but  in  the 
latter  method,  owing  to  the  lap  required  not  being  so  great,  a  lighter  joint 
is  formed.  In  zigzag  riveting  the  diagonal  pitch  should  never  be  less 
than  that  for  chain  riveting ;  that  is,  z  to  ^\  times  diameter  of  rivet  used. 
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In  any  form  of  joint  the  rivets  should  be  so  pitched  that  the  resist- 
ance to  shear  equals  that  of  the  plates  to  tearing.  The  student  will 
notice  that  the  transverse,  or  vertical,  seams  in  a  horizontal  boiler  are 
generally  single  riveted,  whilst  the  longitudinal  seams  are  double  riveted. 
This  is  on  account  of  the  stress  being  much  greater  on  the  longitudinal 
joints  than  transverse  joints. 

However  well  a  joint  may  be  secured,  it  is  always  found  to  be  weaker 
than  the  plate.  The  strength  of  the  joint  compared  to  that  of  the  solid 
plate  is  termed  the  "  efficiency  of  the  joint," 

Hydraulic  Power,— Water,  to  all  intents  and  purposes  of  the  engineer, 
is  an  inelastic  fluid.  The  molecules  of  which  it  is  composed  are  dis- 
placed by  the  slightest  force,  whether  this  force  consists  of  the  weight  of 
the  water  itself  or  the  application  of  an  external  pressure.  This  is 
evident  from  the  ready  manner  in  which  water,  or  any  liquid,  adapts 
itself  to  the  shape  of  any  vessel  in  which  it  may  be  contained. 

PascoTs  Law. — It  is  owing  to  the  above  fact  that  water  possesses 
the  property  of  transmitting  pressure  equally  in  every  direction.   This  is 


Fig.  394. — Pascal's  law  (i), 

generally  known  as  "  Pascal's  law."  Suppose  we  take  a  metal  globe  A, 
filled  with  water  and  provided  with  outlets  arranged  horizontally,  as 
shown  in  Fig.  394,  Let  <7„  aj,  fla,  a,  represent  four  pistons  of  equal  area, 
and  fitted  sufficiently  tight  as  just  to  overcome  the  tendency  of  the 
water  to  escape.  Now,  if  we  push  piston  iz'  inwards  with  a  force  of, 
say,  I  lb.,  pistons  «„  ih,  a^  will  be  pushed  outwards  with  just  the  same 
force,  viz.  i  lb.  each.  Had  we  chosen  any  of  the  four  pistons,  exactly 
the  same  thing  would  have  occurred,  in  accordance  with  the  law  just 
enunciated. 

Suppose,  now,  that  we  take  a  vessel  as  in  Fig.  395,  pistons  ^'  and  i' 
being  each  i  sq.  in.  in  area,  and  piston  B  having  an  area  of  2  sq,  in. 
If  at  piston  ^,  say,  a  force  of  5  lbs.  is  applied,  ^  will  be  pushed  outwards 
with  a  force  of  5  lbs,,  and  B  with  a  force  of  10  lbs.,  by  virtue  of  this 
piston  being  twice  the  area  of  either  &  or  1^.  Or  if  we  exert  a  force 
of  zo  lbs.  at  B,  a  pressure  of  10  lbs.  will  be  exerted  on  each  of  the 
pistons  I*'  and  ^.     From  this  the  student  will  see  that  the  pressure 
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sustained  by  the  pistons  is  in  direct  proportion  to  their  areas.  This  fact 
is  observed  in  calculations  for  safety  or  relief  valves  on  hydraulic  cylinders, 
air  receivers,  steam  boilers,  etc. 

Hydraulic  Press. — From  experiments  similar  to  those  we  have  just 
alluded  to,  Pascal  realized  that  if  be  had  water  contained  in  a  vessel  of 
small  sectional  area,  and  he  subjected  it  to  a  pressure,  this  pressure 
would  be  magnified  in  a  much  larger  vessel  if  the  two  were  placed  in 
communication.  Hence  he  conceived  the  idea  of  the  hydrostatic,  or 
hydraulic,  press. 

F.  Fig-  39^1  is  a.  force  pump  (see  diagram)  having  plunger  ot 
small  diameter,  and  supplied  with  a  suction  pipe  S,  and  delivery  pipe  d. 
The  delivery  is  placed  in  connection  with  the  hydraulic  cylinder  C. 
Non-return  valves  governing  the  supply  and  delivery  are  shown  at  Vj  and 
Vj,  A  lever,  /,  is  fitted  to  the  pump  to  Increase  the  purchase  when 
working  this,    /acts  as  a  fulcrum,  R  is  the  ram,  and  also  serves  as  the 


Fig.  396. — Hydraulic  press. 


bottom  plate  of  the  press.  The  top  plate  T  is  secured  to  the  standards 
ss,  which  act  as  guides  for  the  ram.  Suitable  means  of  preventing  the 
escape  of  water  from  the  cylinder  are  provided  at/. 

Let  us  now  see  what  work  we  can  get  out  of  this  machine.  Suppose, 
in  the  press  we  have  briefly  described,  the  pump  plunger  has  an  area  of 
1  sq.  in.,  and  that  of  the  ram  60  sq.  in.  The  leverage  of  the  handle  is 
10  to  I  {that  is,  the  distance  from  the  point  where  the  force  is  applied 
to  the  fulcrum/is  10  times  the  distance  from  the  fulcrum  to  the  centre 
of  the  plunger).  If  we  exert  a  pressure  of  40  lbs.  at  the  end  of  the 
lever,  what  will  be  the  total  pressure  on  any  object  we  may  place  between 
the  top  and  bottom  plates  of  the  press?  The  factors  which  increase  the 
force  of  the  machine  are :  10,  the  purchase  of  the  lever;  40  lbs,,  the 
force  applied  at  end  of  lever ;  and  60  sq.  in.,  the  sectional  area  of  ram. 
Those  factors  which  counterbalance  these  are :  i  sq.  in.,  the  sectional 
area  of  plunger ;  and  i  sq.  in.,  the  distance  of  plunger  from  fulcrum ;  and 
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if  we  divide  the  product  of  these  latter  into  the  product  of  the  former 
we  shall  obtain  the  total  pressure  exerted  by  the  ram. 

Thus, — =  24,000  lbs.,  and  if  we  assume  the  efficiency  of 

the  press  is  075  (i,e.  25  per  cent,  of  the  theoretical  work  is  lost  in  friction), 

then  the  total  pressure  =  — '- -  =  18,000  lbs. 

Head  of  Wo/iy,— The  force  exerted  by  a  liquid  on  any  sui&ce  with 
which  it  is  in  contact  is  always  perpendicular  to  that  surface.  In  other 
words,  if  we  have  a  vessel,  of  any  shape,  containing  water,  the  pressure 
exerted  by  the  water  against  the  surface  of  the  sides  or  bottom  of  the 
vessel  will  act  at  right  angles  to  the  surface  under  consideration,  so  long 
as  the  liquid  remains  at  rest.  From  this  it  follows  that  the  total  pressure 
on  the  horizontal  base  of  a  tank  due  to  the  water  it  contained  would  be 
found  by  multiplying  the  area  of  the  base,  say  in  square  feet  by  the  depth 
of  the  water,  also  taken  In  feet,  and  then  the  product  by  6a's,  or  the 
weight  of  a  cubic  foot  of  water  in  pounds.  For  example,  suppose  we  have 
a  rectangular  tank,  10  ft.  long  by  5  ft.  wide  by  4  ft.  deep.  Required 
the  total  pressure  on  the  plates  composing  the  base  when  the  tank  con- 
tained  3  ft.  of  water,  10  x  5  X  3  X  62'S  =  9375  lbs. 

Again,  in  a  vertical  pipe  containing  a  liquid  there  is  a  pressure  at  its 
base  depending  upon  the  area  of  this  and  the  height  at  which  the  liquid 
stands.  This  pressure  is  technically  termed  "  head ; "  thus  we  speak  of 
so  many  feet  head  of  water,  meaning  that  we  have  a  column  of  water  so 
many  feet,  as  the  circumstances  may  be,  high.  It  is  obvious,  then,  that 
the  pressure  varies  directly  as  the  head,  i.e.  a  head  of  ao  ft.  will  exert 
twice  as  much  pressure  per  square  inch  or  square  foot  as  a  head  of  lo  ft. 

Accumulator. — The  student  will  now  see  that  if  we  had  water  at  an 
elevadon  which  would  supply  us  with  a  pressure  of  several  hundred  pounds 
per  square  inch,  much  useful  work  could  be  done  by  this.  As  this, 
however,  is  impracticable  on  account  of  the  height  to  which  the 
reservoir  would  have  to  be  raised  in  order  to  supply  us  with  a  suit- 
able water  pressure,  resource  is  had  to  an  hydraulic  accumulator,  which 
is  an  arrangement  for  storing  an  artificial  head  of  water.  For  machines 
requiring  an  intermittent  supply  of  hydraulic  power,  as  lifts,  presses, 
cranes,  riveters,  etc.,  which  one  moment  may  require  full  pressure,  and 
the  next  be  standing  idle  perhaps,  the  accumulator  is  especially  adapted. 

Fig.  397  illustrates,  in  elevation,  a  short-stroke  accumulator  of  the 
"  inverted  "  type ;  i.e.  instead  of  the  ram  which  carries  the  load  being 
forced  out  of  the  hydraulic  cylinder,  as  is  customary,  the  reverse  obtains, 
viz,  the  ram  remains  stationary,  and  the  cylinder  with  the  stuffing  box  is 
made  to  slide  over  it.     The  diagram  will  make  this  clear  to  the  student. 

a  is  the  cylinder  provided  with  gland  b,  c  is  the  ram  which  has  a 
hole  bored  down  the  centre  for  admitting  the  water  under  pressure  to 
the  cylinder.  This  water,  which  is  supplied  by  the  pump  charging  the 
accumulator,  passes  through  the  relief  valve  (see  Figs.  397);  d  is  the 
ballast-chamber  made  up  of  sheet-iron  plates,  and  attached  to  the  sliding 
cylinder  by  means  of  the  bottom  plate  e,  and  crossbridge  /.     Into  this 
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chamber  is  placed  sand  oi  earth  until  the  necessary  load  is  obtained 
which  will  produce  the  working  pressure  desired.  Here  we  may  observe 
that  to  find  this  we  avail  ourselves  of  the  principle  explained  under 
"  Head  of  Water."  Thus,  suppose  we  have  a  ram  4  in.  diameter,  and 
we  require  a  working  pressure  of  sooo  lbs.  per  square  inch  to  ascertain 
the  weight  of  ballast  we  shall  have  to  place  in  the  chamber.  Area  of 
4  in.  =  I2-5  sq.  in.  multiplied  by  aooo  lbs.  gives  15,000  lbs.,  and  if  we 
deduct  from  this  the  weight  of  the  ballast  chamber  and  hydraulic 
cylinder,  we  shall  then  have  the  net  weight  of  the  material  required. 
gggg  are  four  brackets  which  work 
in  the  T-iron  guide  hh  fastened  to 
the  timber  framing  kk;  U  &k 
blocks  of  wood  for  the  ballast 
chamber  to  rest  on  when  In  its 
lowest  position,  ot  is  a  cast-iron 
base  plate  supporting  the  ram,  and 
serving  to  stiffen  the  wooden 
framing. 

The  action  of  the  accumulator 
is  simple  in  the  extreme.  Water 
is  forced  by  the  pump  or  pumps 
through  the  hole  in  tiie  centre  of 
the  ram  into  the  hydraulic  cylinder, 
causing  this  to  lift,  at  the  same 
time  to  raise  the  ballast  chamber 
with  it;  »  is  a  tappet  rod  com- 
municating with  the  supply  and 
relief  valve,  which,  as  the  accumu- 
lator nears  the  end  of  its  stroke, 
is  struck  by  the  tappet  o,  thus 
governing  the  admission  of  water 
from  the  pump. 

Supply  and  Rditf  Valve. — The 
supply  and  relief  valve  just  alluded 
to  is  also  worthy  of  notice,  and  we 
here  give  a  sketch  of  one.  The 
valve  is  attached  to  the  accumu- 
lator at  a  (Fig.  398)  and  to  the 
supply  from  pump  by  the  coupling  b.  The  water  is  forced  past  valve 
V,  to  valve  Vj,  causing  this  to  lift,  and  thus  entering  the  accumulator, 
or  if  (he  accumulator  is  charged  into  the  main  for  supplying  the  machines, 
which  is  arranged  in  the  chamber  just  above  valve  V,  and  at  right 
angles  to  the  inlet  to  accumulator,  as  shown  at  C  in  Fig.  399  (the 
student  will  notice  that  Fig.  399  represents  an  end  elevation) ;  /  is  a 
lever  turning  round  the  fulcrum  /,  and  connected  at  the  other  end  to 
the  tappet  rod  of  the  accumulator ;  ^  is  a  guard  for  keeping  this  lever 
in  its  proper  position.  If  the  supply  to  the  hydraulic  machines  is  shut 
off,  as  the  accumulator  approaches  the  end  of  its  stroke  the  lever /is 
lifted  by  means  of  the  tappet  rod  just  referred  to.     Immediately  this 
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takes  place,  the  valve  V„  being  released  of  its  load,  lifts  and  puts  the 
supply  from  pump  in  communication  with  overflow  pipe  0.    This  over- 


FiG.  397 A. — Accumulator. 

flow  pipe,  it  will  be  noticed,  is  also  arranged  just  above  valve  Vi  and  at 
right  angles  to  supply  from  pump,  as  shown  in  Fig,  399.     m  and  «  are 
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arrangement  for  packing.  Branch  pipes  are  led  from  the  supply  main 
c  to  the  starting  valves  on  the  machines. 

The  standard  working  pressure  for  hydraulic  machine  tools  is  1500 
lbs.  per  square  inch,  equal  to  105  kilog.  per  square  centimetre  (approxi- 
mately), or  0-669  *°"  P*'^  square  inch.  The  standard  test  pressure  is 
3500  lbs.  per  square  inch,  or  250  kilog.  per  square  centimetre. 

When  using  a  pressure  of  1500  lbs.  per  square  inch,  if  we  let  w 
represent  total  pressure  required  on  ram  in  tons ;  d,  the  diameter  of 
ram  in  inches ;  and  a,  the  area  of  ram,  also  in  inches,  we  may  take  it 
that  w  is  approximately  equal  to  o'^ifjv,  to  o'66g5a,  and  a  to  i"494h'. 

At  this  pressure  {1500  lbs.),  with  a  speed  of  5  ft.  per  second,  a 
pipe  of  5-in.  internal  diameter  will  transmit  i'67  actual  horse-power; 
a  i-in,  pipe,  io'7  H.P. ;  a  i^-in.  pipe,  i6'73  H.P. ;  and  a  15-in.  pipe, 
24  H.P.,  with  only  an  appreciable  loss  of  efficiency.  Or,  if  a  represent 
area  of  pipe  in  inches,  is'fija  will  equal  the  horse-power  transmitted, 
with  a  pressure  and  velocity  mentioned  above. 


Figs.  398,  399. — Supply  and  relief  talve. 

If  D  =  diameter  of  ram  of  hydraulic '  cylinder  in  inches,  then 
contents  in  gallons  per  foot  of  cylinder  length  will  approximately  be 

^' or  0033  D.. 

Each  gallon  pumped  into  the  accumulator  at  1500  lbs.  per  square 
inch  represents,  very  nearly,  one  horse-power  actual.  Accumulator 
efficiency  is  about  99  per  cent. 

T/ie  Mydraiiiic  Jack. — The  hydraulic  jack  {Fig.  400)  consists  of  a 
hydraulic  cylinder  having  an  upper  and  lower  jaw  to  suit  various  work,  this 
cylinder  being  carried  on  a  stationary  ram  which  forms  the  lower  part  of 
the  jack.  Water  or  oil  is  contained  in  the  upper  part  of  the  cylinder,  and 
by  the  motion  of  the  outside  lever,  which  works  the  inner  plunger,  it  is 
forced  through  first  the  suction  valve  and  then  the  delivery  valve  into  the 
lower  part  of  the  cylinder.  Pressure  is  thus  exerted  on  the  ram,  and  so 
the  cylinder,  and  any  load  placed  upon  it,  is  raised.  When  required  to 
lower  the  jack,  the  screw-down  valve  shown  on  the  right-hand  side  of 
the  diagram  ^is  released,   and  the  liquid  runs  back  into  the  upper 
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reservoir.    The  power  obtained  by  the  jack  depends  on  the  leverage 
and  on  the  ratio  of  the  areas  of  the  plunger  and  ram. 

Hydraulic  ICachine  Tools, — The  subject  of  hydraulic  machine  tools 
has  now  widened  to  such  an  extent  that  it  would  be  almost  impossible 
in  a  work  of  this  size  to  explain  all  the  uses  to  which  hydraulic  power 
can    be   applied    in   a   general    engineering   workshop.     We  therefore 
propose  to  limit  ourselves  to  those  tools 
used  in  a  boiler  shop,  and  this  limitation, 
though  allowing  us  to  include  for  the  most 
part  machines  in  constant  use,  excludes 
many  machines  of  importance  which  are 
not  so  frequently  used.     Our  field  will 
therefore     include     hydraulic      riveters, 
punching  and  shearing  machines,  flanging 
presses,    boiler-plate    b ending-machines, 
accumulators,  jacks,  etc.     We  may  here 
say  that  the  machines  described  are  those 
on    the    Tweddell    system    by    Messrs, 
Fielding  and  Piatt  of  Gloucester. 

The  hydraulic  method  of  operating 
machines  does  away  with  belting  and  its 
attendant  disadvantages,  permitting  the 
machines  to  be  placed  in  any  convenient 
position  in  the  shop.  When  a  belt-driven 
machine  is  too  heavily  or  suddenly 
loaded,  as  is  often  the  case  in  punching 
or  shearing  thick  plates  of  steel,  either 
the  belt  slips  or  the  machine  breaks 
down.  When,  however,  hydraulic  power 
is  the  medium,  the  stresses  that  can  be 
brought  to  bear  on  the  machine  tools 
are  strictly  limited  by  the  area  of  the 
cylinder  and  the  pressure  of  the  water 
carried.  Thus  with  a  constant  pressure, 
and  a  machine  tool  designed  to  cope  with 
the  work  it  is  called  upon  to  do,  it  is 
practically  impossible  for  the  machine  to 
break  down. 

Punching  and  Shearing. — In  this  type 
of  machine  (Fig.  401)  it  will  be  noticed 
that  the  cylinder  is  separate  from  the 
main  body,  which  is  an  advantage  in  case  anything  breaks  down.  The 
cylinder  and  all  working  parts  being  placed  at  the  back  are  out  of  the 
way  of  the  workmen  whilst  manipulating  the  plates  to  be  dealt  with.  No 
water  can  drop  on  the  plate  or  get  in  ^e  way  of  the  men.  An  increase 
of  bearing  surface  to  the  ram  and  an  automatic  tappet  gear  for  economis- 
ing the  water  (by  adjusting  the  stroke  to  suit  thicknesses  of  plates)  are 
improvements.  The  ram  or  vertical  slide  of  the  machine  is  actuated  by 
a  powerful  lever,  and  in  some  machines  an  automatic  gear  is  placed 
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which  enables  it  to  run  continuously  at  any  desired  speed.  The  machines 
are  made  with  36-in.  and  14-in.  gaps,  and  will  punch  holes  from  -J-in. 
to  i-^in.  diameter. 

Shearing  machines  are  somewhat  similar  in  construction,  only  that 
they  are  made  to  carry  the  shear-blades  directly  in  the  centre  line  of 
the  ram. 

Punching  and  shearing  machines  are  made  in  a  combined  form  if 
desired,  but  it  is  not  the  general  practice.    Since  two  separate  cylinders 


Fig.  40T. — Hydraulic  punching  machine. 

are  essential,  there  is  no  advantage  in  a  duplex  machine,  while,  on  the 
other  hand,  independent  machines  can  be  located  where  most  suitable. 
Hydraulic  Flanging  Press. — Hydraulic  machinery  is  extensively  used 
in  flanging  plates  used  in  boiler  construction.  The  machine  illustrated 
in  Fig.  402  has  been  designed  to  do  the  work  step  by  step,  thus  follow- 
ing as  nearly  as  possible  the  hand  process.  It  will  be  noticed  in  this 
machine  that  there  are  three  hydraulic  cylinders,  two  of  which  are 
vertical  and  one  horizontal.  The  outer  vertical  ram  grips  the  plate  on 
the  segmental  block,  representing  a  portion  of  the  circumferential  flange, 
while  the  inner  ram  in  its  descent  turns  down  the  plate.     After  8  to  9  ft. 
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^f  the  flanging  is  thus  done,  tlie  inner  ram  is  raised  out  of  the  way,  and 
the  ram  of  the  horizontal  cylinder  is  advanced  to  square  the  flange  up. 
Dome  ends  and  furnace  mouths  may  be  flanged  in  the  same  machine  by 
dies  of  the  usual  type.  In  this  case  the  two  vertical  rams  of  the  same 
machine  are  coupled  together  by  the  top  block,  thus  utilizing  their 
combined  power  (see  Fig.  402). 


Fig,  40Z.~H}'diiiulic  flanging  press. 

These  machines  will  flange  the  shell-plates  instead  of  the  front  and 
jack  plates  when  this  mode  of  construction  is  preferred.  They  may 
ilso  be  used  for  flanging  furnace  flue-rings,  for  thickening  or  staving 
the  ends  of  tubes  for  tubulous  boilers,  for  stamping  and  other  work. 

Hydraulic  Boiler  Shell-plate  Bender. — The  machine  illustrated  in 
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Fig.  403  is  a  new  type  of  bender  which  supersedes  the  old-fashioned 
bendii^  rolls,  especially  for  heavy  work.  It  consists  of  three  vertical 
girders  resting  upon  a  strong  bed-plate,  the  two  outer  ones  being  bolted 
securely  down  and  firmly  connected  together  by  the  tie  at  the  top,  the 
middle  one  being  fastened  by  a  hinged  bolt  to  allow  of  the  removal  of 
plates  which  have  been  bent  to  a  complete  circle.  , 

The  central  girder  is  moved  by  means  of  a  vertical  ram  acting  upon 
rollers  and  inclined  planes,  forming  a  perfect  parallel  motion  towards 
the  fixed  vertical  girder  at  the  right  hand.  The  adjacent  faces  of. these 
girders  are  curved,  the  moving  one  being  concave,  whilst  the  fixed  ones 
are  convex.  By  this  anangement  the  plate  is  bent  to  any  desired  curve 
without  the  need  of  special  dies.     The  plates,  having  been  placed  edge- 


Fro.  403. — Boiler  shell-plate  bender. 

wise  up  on  small  rollers  on  a  cast-iron  floor,  are  hauled  through  the 
machine  in  short  steps  of  about  3  in.  each  by  an  automatic  feed  gear  at 
every  stroke  of  the  bending  girder. 

Plates  of  every  thickness  are  bent  by  one  operation,  and  by  previously 
adjusting  the  automatic  stop,  a  plate  may  be  correctly  bent  to  any 
desired  curve  or  thickness  without  repeated  trials  with  a  templet.  A 
plate  r^  in.  thick,  13  ft.  wide,  can  be  bent  to  any  desired  curve  at  a 
rate  of  from  a  to  3  ft,  per  minute. 

Large  Stationary  Hydraulic  Riveter. — ^Tbe  machine  described  (Fig, 
404)  is  on  the  Tweddells  system,  and  is  of  the  "built  up"  type.  The 
two  main  castings,  A  and  B,  are  connected  securely  togethe  by  two 
main  bolts  at  D,  which  are  of  sufficient  strength  to  withs  and  the 
stresses  produced  when  closing  and  forming  the  rivet.  The  part  A 
supports  the  cylinders.    The  tail  cup  G  for  forming  the  rivet  is  carried 
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Fm,  404. — Hj'diaulic  livetci  (delails  of  arrangement.} 
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by  the  part  B,  the  edge  of  the  cup  being  brought  up  to  the  level  of  the 
top  of  the  casting,  so  as  to  form  a  "  flush  top,"  as  it  is  termed.  This 
is  necessary  for  getting  into  comers  of  various  pieces  of  work. 

The  heading  cup  is  carried  by  the  riveting  cylinder  T.  The 
cylinder  rides  upon  the  fixed  ram,  Y,  and  within  T  is  placed  the  ram  Z, 
which  in  operating  advances  the  plate-closing  too!  E.  The  ram  N  is 
of  piston  form,  and  is  capable  of  receiving  pressure  on  either  face,  that 
is  for  advance  or  return. 


Fio.  405.— Slalionary  hydraulic  riveter. 

A  tank,  C,  placed  about  20  ft.  above  the  top  of  the  machine,  supplies 
the  cylinders  at  Z  and  Y  with  low-pressure  water.  The  pipe  M  conveys 
this  water  to  the  cylinder  Y,  and  the  pipe  O  is  connected  to  Z.  By 
means  of  the  check  valves  S  and  S'  the  water  is  prevented  from 
returning,  except  through  the  exhaust  pipe  J.  The  pressure  pipe  Q, 
and  the  exhaust  pipe  J  both  communicate  with  the  piston  valves  IT,  V, 
and  W.     U  is  connected  to  the  back  end  of  the  cylinder  N  through  the 
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pipe  I.  V  is  connected  with  the  cylinder  Z  by  means  of  the  pipe  X', 
and  W  with  the  cylinder  Y,  2  is  a  constant-pressure  pipe  connecting 
the  pipe  Q  and  the  front  end  of  N.  A  stop  valve  R  is  connected  to 
the  pipe  Q.  The  action  and  principle  of  working  of  the  machine  is 
as  follows : — 

The  boiler  seam  or  other  work  is  first  placed  in  position  between 
the  cups  F  and  G.  The  rivet  is  heated,  and  put  in  from  the  side  G. 
The  valve  U  is  opened  to  pressure  by  the  lever  L,  and  the  ram  N  is 
thus  caused  to  advance  to  the  right,  due  to  the  difference  in  area 
of   its   faces,   the   new   pressure  being  applied   on    the    left.     This 


YiG.  405A. — Solid  lype,  poitable. 

pressure,  together  with  the  pressure  due  to  the  head  of  water  in  the 
lank,  which  passes  through  the  check  valves  S  and  S',  carries  the  parts 
7.  and  T  forward.  When  the  rivet  and  plate  are  reached  respectively 
by  F  and  E,  pressure  water  is  admitted  at  V  by  the  movement  of  the 
lever  K.  The  pressure  water  passes  through  the  pipe  X',  and  the  ram 
Z  is  caused  to  advance,  thus  pressing  the  plates  together  firmly  between 
the  tools  E  and  G. 

The  valve  W  is  now  opened  by  means  of  the  lever  H,  and  the 
pressure  is  communicated  to  the  ram  Y,  causing  the  cylinder  T  to  be 
advanced  and  the  cupping  tool  F  to  close  the  rivet.  The  pressure 
obtained  is  due  to  the  difference  in  areas  of  the  rams  Z  and  Y. 
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After  the  rivet  has  cooled  considerably,  the  pressure  would  be 
released,  the  valves  being  opened  to  exhaust  by  the  levers  L,  K,  and 
H,  and  water  would  be  able  to  pass  from  Z  into  Y  by  the  pip)e  Q. 


Fig.  406, — rortable  liydraulk  civelei  for  furnace  mouths. 

The  pressure  in  1  has,  however,  not  been  released,  so  with  exhausting 
1  the  ram  N  is  brought  back  to  its  first  position,  also  the  cylinder  T 
and  ram  Z,  thus  causing  the  water  to  rise  in  the  tank  C. 
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The  plate-closing  tool  causes  the  plates  to  be  pressed  tightly  together 
before  the  rivet  is  compressed,  thus  preventing  collars  being  formed  on 
the  rivet  between  the  plates.  The  use  of  the  low-pressure  water  to  fill 
the  cylinders  before  the  pressure  is  applied  greatly  economizes  the  high- 
pressure  water, 

"  Fulding"  Type  Patent  Portable  Riveter  (Figs.  405  to  409). — The 


Fig.  406A.— Special  form  of  portable  riveter  at  work. 

great  advantage  of  this  machine  is  that  both  the  riveting  dies  are  clear  of 
the  hydraulic  cylinder ;  the  long  arms  or  levers  carrying  them  oscillate 
on  a  strong  steel  centre  pin.  The  hydraulic  cylinder  and  ram  are 
placed  at  the  other  end  of  these  levers.  Connecting  rods  between  the 
two  levers  are  avoided  by  making  the  centre  line  of  the  cylinder  follow 
the  radial  path  of  the  arms,  of  which  the  cylinder  forms  the  outer  end. 
The  design  of  this  machine  makes  it  specially  suitable  for  getting  into 
corner  work,  and  riveting  angle  irons  on  to  flat  plates. 

The  following  gives  a  brief  description  of  some  of  the  hydraulic 
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machine  tools  on  the  Tvreddells  system  as  applied  to  locomotive  engine 
and  boiler  work.     (See  folding  plate,  Fig.  407)  : — 

A  Stationary  Hydraulic  Riveter  Crane.^\  is  the  fixed  riveter, 
similar  to  that  shown  in  Fig.  408,  which  is  described  more  in  detail, 
but  without  the  plate-closing  tool.  The  crane  is  controlled  by  means 
of  the  handles  at  h,  and  so  the  boiler  can  be  lifted  and  adjusted  in 
position  as  required;  e  being  the  traversing  cylinder,  f>  the  lifting 
cylinder,  and  a  the  slewing  cylinder,  each  being  supplied  with 
multiplying  gear. 


Fig.  408.— Portable  riveter  at  work. 

Q  is  a  smaller  crane  worked  by  hydraulic  means,  in  which  case  the 
jib  is  raised  directly  from  the  cylinder. 

E  and  H  are  portable  riveters  of  the  "  bear "  type,  E  being  specially 
suitable  for  the  riveting  of  the  smoke-box  tube  plate ;  H  is  used  for  the 
riveting  of  the  loco,  frames. 

F  and  G  show  special  applications  of  this  type  of  portable  riveter 
for  dome  and  manhole  riveting. 

A  small  "  bear  "  portable  riveter,  shown  at  C,  has  been  devised  for 
foundation  ring  and  firehole-door  riveting. 

Ai  shows  a  stationary  riveter  adapted  for  loco,  fire-boxes. 

D  is  a  portable  riveter  crane.  The  riveter  is  adjusted  vertically  by 
means  of  the  ram  on  the  trolley  d.     The  pressure  pipe  on  the  ami 
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of  D,  at  position  e,  is  jointed  for  the  horizontal  movement  of  the  trolly, 
and  the  pipe  leading  to  the  riveter  is  coiled  to  allow  springing  during 
vertical  movement. 

L  represents  a  travelling  riveter  crane  with  portable  riveter,  K. 

K  is  an  example  of  the  "  lever  "  form  of  portable  riveter,  having  long 
arms.     It  is  shown  in  the  operation  of  riveting  part  of  a  tender. 

M  is  a  forging  press  suitable  for  stamping  purposes. 

N  shows  the  flanging  press. 

The  table  b,  on  which  is  fixed  the  lower  die  c,  is  raised  by  the  central 
ram  on  the  admission  ol  water  pressure  to  the  hydraulic  cylinder  a. 


Fig.  409. — Fielding  type  pat  portable  riveter. 

The  upper  die  d  is  carried  by  the  girder  or  block  e.  The  guides/are 
provided  with  nuts,  by  means  of  which  the  position  of  e  can  be  adjusted. 
There  are  four  cylinders,  g,  containing  the  rams  k,  which  are  used 
for  holding  up  the  plate,  which  has  previously  been  made  red  hot, 
against  the  upper  die,  while  the  bottom  die  is  slowly  raised  by  the 
central  ram.  The  valve  box  v  has  two  levers,  one  for  controlling  the 
"vice"  rams,  and  the  other  for  the  central  or  flanging  ram,  the  vice 
rams  being  first  operated  until  the  plate  is  held  against  the  upper  die. 

After  flanging  a  plate  the  levers  are  reversed,  thus  exhausting  the 
cylinders  and  lowering  the  rams,  and  the  plate  may  be  withdrawn. 
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Hydraulic  Notes. 

I  imperial  gallon  =  277'274  cubic  inches. 
I  imperial  gallon  =  0-016045  cubic  foot. 
1  impterial  gallon  —  10  lbs. 

A  cubic  foot  of  sea  water 

A  cubic  inch  of  sea  water 

A  cubic  foot  of  water 

A  cubic  inch  of  water 

A  cylindrical  foot  of  water 

A  cylindrical  inch  of  water 

A  column  of  water  12  in.  long  I 
The  capacity  of  a  J2-in,  cube 
The  capacity  of  a  i-in.  square  i  ft.  long 
The  capacity  of  a  i-ft.  diameter  1  ft.  long 
The  capacity  of  a  cylinder  in  gallons  I  yard  long 
The  capacity  of  a  i-in.  diameter  I  ft.  long 


=  64'oo  lbs. 

=  0'037037  lb. 

=  (>2'y2  lbs. 

=  0-03616  lb. 

=  48-96  lbs. 

=  0-0284  lb. 

square  =  0-434  '•>. 

=  6-232  gallons. 

=  0-0434  gallon. 

=  4-896  gallons. 

o"!  diameter  squared. 

)-o34  gallon 


The  capacity  of  a  cylindrical  inch  =  0-009832  gallon. 

The  capacity  of  a  cubic  inch  =  0023606  gallon. 

The  capacity  of  a  sphere  12  in.  diameter  =  3'263  gallons. 

The  capacity  of  a  sphere  1  in.  diameter  =  0-00188  gallon. 

■    1  imperial  gallon  =  1-2  United  States  gallon. 

1  imperial  gallon  =  4'543  litres  of  water. 

1  United  States  gallon  =  231-0  cubic  inches, 

1  United  States  gallon  =  0-83  imperial  gallon. 

I  United  Slates  gallon  =  3-8  litres  of  water. 

I  cubic  foot  of  water      =  6-232  imperial  gallons. 

I  cubic  foot  of  water     =  7-476  United  States  gallons. 

I  cubic  foot  of  water      =  28-375  litres  of  water. 

I  litre  of  water  =  0-22  imperial  gallon. 

I  litre  of  water  =  0-264  United  States  gallons. 

I  litre  of  water  =  6ro  cubic  inches, 

I  litre  of  water  =  0-03S3  cubic  foot. 
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TJiANSMISS/ON  OF  POWER. 

It  is  a  common  practice  to  transmit  motion  by  the  aid  of  jHilleys  and 
belts,  or  bands.  The  general  forms  are  flat  or  slightly  curved  pulleys 
of  wrought  or  cast  iron,  and  leather  belting  (oak-tanned,  raw  hide,  or 
link).  The  cast-iron  pulleys  are  made  in  various  diameters  and  widths 
of  face,  and  may  be  one  single  casting  or  built  up  of  halves.  Pulleys 
of  the  former  class  are  used  in  machine  building  and  all  purposes  where 
it  is  not  difficult  to  get  the  pulleys  in  place.  Those  of  the  latter  class 
are  called  "split"  pulleys,  and  are  portable;  they  can  be  located  any- 
where as  required  (see  Fig  410).  A  familiar  instance  is  given  in  the 
machine  shop  of  a  general  engineer.  When  a  new  machine  is  introduced, 
a  driving  pulley  is  required  on  the  main  shaft.  Now,  a  pulley  cast  all  of 
a  piece  would  necessitate  a  portion  of  the  shafting  to  be  released  from 
its  coupling,  and  probably  several  pulleys  removed  to  get  the  new  one  in 
position,  causing  much  trouble  and  delay.  On  the  other  hand,  a  split 
pulley  can  be  secured  in  a  few  minutes  (generally). 

A  great  stress  is  found  to  exist  between  the 
pulley  rim  and  hub  or  boss,  viz.  in  the  arms,  render- 
ing them  weak  when  subjected  to  shock.  This 
tension  is  caused  by  unequal  cooling  after  the  opera- 
tion of  casting  the  pulley  in  the  mould.  It  is  not 
uncommon  to  see  pulleys  fractured  before  any  "  tool- 
ing "  operations  are  commenced,  and  frequently  during 
the  machining  stage  arm  fractures  have  been  dis-  Ym.  410.— Split 
covered.     Large  pulleys  with  wrought-Jron  arms  have  pulley, 

been  designed  to   overcome   the  above  defect ;   the 
arms  are  placed  in  the  mould,  and  the  rim  and  hub  formed  respectively 
by  the  molten  metal.     An  example  of  this  type  of  pulley  is  seen  in  the 
large  driving  wheels  or  rope  pulleys  used  at  collieries,  i.e.  the  pit-head 
gear. 

Wronght-iron  PulIeyB.— A  further  development  is  the  wrought-iron 
pulley  (Fig.  411).  In  this  case  the  pulley  is  constructed  or  built  up 
by  hand.  There  is  much  to  be  said  in  favour  of  this  class  of  pulley 
for  high-speed  work  and  heavy  drives.  Being  of  wrought  iron,  it  is 
stronger  to  resist  tensional  strain  than  cast  iron,  and  may  therefore  be 
run  at  higher  speeds  without  risk  of  breaking,  while  the  weight  is 
from  30  to  50  per  cent.  less.  The  rim  being  of  a  uniform  thickness, 
the  pulley   is   practically   evenly  balanced.    This    feature   is  a  very 
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important  one  in  high-speed  ranning,  and  gives  wrought-iron  pulleys 
a  preference  to  those  of  cast  iron,  which  have  to  be  balanced  after 
turning,  which  is  a  costly  item. 

There  are  many  ways  of  fixing  a  pulley  to  a  shaft.  The  simplest 
way  is  to  use  a  split  pulley  and  bore  it  to  be  a  tight  fit  on  the  shaft ; 
then,  when  the  bolts  are  screwed  up,  the  pulley  will  grip  the  shaft 
tight  enough  for  any  ordinary  driving  for  small  powers.  This  plan  has 
also  the  advantage  that  a  pulley  may  be  located  at  any  point  on  the 
shaft  without  special  preparation,  and  it  does  not  damage  the  shaft's 
surface.     Another  plan  is  to  use  set-screws. 

Saddle  or  hollow  keys  are  useful  for  small  pulleys,  as  they  do  not 


Fig.  411.— Wrought-iron  pulley. 

damage  the  shaft,  but  they  have  no  great  holding  power,  and  throw 
a  great  strain  on  the  pulley  boss. 

If  a  pulley  has  to  transmit  any  considerable  power,  and  especially  if 
it  be  of  large  diameter,  the  only  really  satisfactory  way  to  fix  them  is  by 
means  of  sunk  keys;  gib-headed  keys  are  dangerous,  and  taper  keys 
have  a  tendency  to  burst  the  boss ;  they  are  also  expensive  to  fit  and 
troublesome  to  remove.  Besides  this,  the  key  bed  is  necessarily  twice  the 
length  of  the  key,  while  with  a  sunk  or  feather  key  one  length  is  enough. 

Plain  and  Screwed  Cone  BneheB. — There  are  several  plans  whereby 
one  pulley  can  be  made  to  fit  any  size  of  shaft  within  certain  limits. 
This  result  has  been  obtained  by  the  use  of  loose  bushes.     The  bosses 
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of  all  pulleys  of  certain  sizes  are  bored  to  one  diameter,  and  the  loose 
bushes  are  used  to  fit  the  pulley  for  any  particular  diaft. 

Two  principal  kinds  of  loose  bushes  are  made,  one  a  plain  one 
which  is  held  in  position  by  set-screws,  and  the  other  a  taper  bush 
screwed  on  the  outside.  The  boss  of  the  pulley  is  screw-cut  internally, 
so  that  when  the  bush  is  put  on  the  shaft  and  the  pulley  screwed  on  to 
it,  the  tighter  the  belt  pulls,  the  tighter  the  bush  grips  the  shaft  (see 

Fig.  41a). 


Fic.  412. 

Pulleys  built  up  entirely  of  wood  are  much  used  for  driving  small 
machines.  These  are  also  made  in  halves,  and  are  bored  to 
standard  sizes  to  receive  bushes  which  arc  also  stocked  to  suit  the 
various  driving  shafts.  The  pulleys  are  secured  by  bolls  in  a  similar 
way  to  the  iron  pulleys  described.  The  rims  are  built  up  of  several  strips 
which  are  lagged,  to  prevent  warping.  The  weight  on  the  main  shaft 
being  thus  reduced,  there  is  obviously  considerably  less  friction  on  the 
bearings,  and,  of  course,  less  power  absorbed.     (Fig.  413). 
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Balancing;  Polleys. — It  is  essential  for  pulleys  which  are  to  niii 

at  high  speeds  that  they  should  be  truly  turned  and  balanced.  The 
centrifugal  force  generated  by  the  pulley  when  revolving  at  a  high 
speed  must  be  unifotmly  distributed ;  this,  however,  can  only  be  obtained 
by  carefully  testing  the  pulley  and  placing  an  adequate  balance  inside 
the  pulley's  rim.  One  method  adopted  is  to  have  two  parallel  bars 
planed  to  knife  edges  and  laid  perfectly  horizontally  and  at  equal 
distance  apart  throughout  their  length.  A  short  shaft  is  driven  lightly 
into  the  bore  of  the  pulley,  which  is  then  mounted  on  the  knife  edges  of 
the  bars  and  the  pulley  slowly  rotated,  the  heaviest  part  coming  to  rest 
at  the  bottom,  at  which  position  a  centre  dot  is  placed  on  the  pulley's 
rim.  This  process  is  repeated  slowly  two  or  three  times  to  ascertain 
the  correct  position. 

The  balancing  may  be  effected  in  two  or  three  ways.    In  the  first 
place,  if  the  error  is  slight,  some  of  the  metal  between  the  arms  on  the 


Fig.  413. — Wood  pulley,  Fic,  414. 


portion  not  tooled  may  be  chipped  away.  Another  method  is  to  secure 
temporary  clips  to  the  edge  of  the  pulley  rim,  the  weight  of  the  clips  to 
be  known.  The  clips  are  then  substituted  by  weights  cast  in  the  form 
of  a  mushroom;  the  stems,  being  made  of  wrought  iron,  are  passed 
through  holes  drilled  in  the  pulley  face,  and  subsequently  riveted  and 
dressed  flush  with  it.  Sometimes  clay  is  used  instead  of  metal  clips, 
each  piece  of  clay  being  weighed  and  the  amount  made  up  by  a  corre- 
sponding weight  of  iron  or  lead,  and  rivets. 

Instead  of  placing  a  large  weight  all  in  one  place,  as  in  the  above 
example,  the  weight  required  may  be  placed  at  two  points,  A  and  B,  as 
in  Fig.  414. 

Let  us  suppose  a  pulley  gravitates  at  C.  Then  by  using  a  pair  of 
trammels,  and  taking  C  as  a  centre,  mark  oflT  equal  divisions  as  at  A  and 
B ;  by  thus  dividing  the  pulley  and  the  weights  a  much  neater  finish  can 
be  obtained.  When  high-speed  pulleys  are  in  perfect  balance  there 
will  be  an  absence  of  all  tremor,  but   this  can  only  be  effected    by 
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revolving  the  pulleys  at  the  speed  they  are  finally  to   be   run  at 
In  other  words,  balancing  by  the   knife-edge   process   and   rotating 


by  hand  is  only  approximate.     The  actual  test  must  be  applied  by 
rotating  the  pulleys  at  their  proper  speeds. 

Friction  Clutohes. — Friction  clutches  are  used  instead  of  fast  and 
loose  pulleys  to  connect  running  shafts  or  wheels  with  shafts  or  wheels 
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which  are  standing.  They  are  equally  useful  for  purposes  of  dis- 
connection, and  thus  become  economizers  of  power,  because,  where  one 
portion  only  of  a  workshop  is  at  times  requiring  power,  and  sometimes 
only  a  few  machines  to  be  run,  there  it  is  that  one  of  the  advantages  of 
friction  clutches  is  dearly  seen,  and  thus  the  original  practice  of  fast- 
and-loose  pulleys  are  dispensed  with.  The  friction  clutch,  unlike  the 
claw  clutch,  may  be  put  in  or  out  of  gear  slowly,  which  is  a  decided 
advantage  where  sudden  shocks  would  he  objectionable ;  and  further, 
a  friction  clutch  may  be  connected  at  any  point  while  both  shafts  are 
at  rest. 

An  arrangement  showing  a  hollow  sleeve  clutch  is  given  in  Fig.  415. 
It  will  be  noticed  that  the  lai^e  pulley  is  not  riding  on  the  shafi,  but  is 
supported  by  a  sleeve  which  is  also  part  of  the  clutch  S.  Since  the 
sleeve  is  carried  in  independent  bearings,  the  weight  of  the  pulley  and 
tension  of  the  belt  are  taken  off  the  shaft.    This  is  an  imponant 


FiC.  416. — Friction  clutch  lo  speed  cone. 

feature  in  heavy  transmission,  as  by  its  use  there  is  no  wear  and  tear  of 
the  shaft  when  the  clutch  is  out  of  gear. 

Applications  of  friction  clutches  are  very  numerous,  but  a  few 
examples  are  selected  from  ordinary  practice.  Figs,  416  and  417  illustrate 
the  method  applied  to  a  speed  cone  and  reversing  pulleys  respectively, 
as  used  in  turret  and  other  lathes ;  one  pulley  is,  of  course,  rotated  by 
a  crossed  belt.  A  further  example  (Fig.  418),  the  clutch  being  attached 
to  a  bevel  wheel,  similarly  in  Fig.  419,  which  is  a  double-armed  pulley ; 
in  the  latter  cases  there  is  a  hushing  of  phosphor  bronze  to  further 
reduce  friction. 

Fig.  420  is  a  friction  coupling  (Bagshaw-Addy man's  patent).  This 
type  is  used  in  place  of  an  ordinary  flange  coupling  on  the  line  shaft. 

Referring  to  Fig.  420,  the  general  arrangement  needs  little  descrip- 
tion. Fig.  3  is  a  section.  The  power  is  exerted  by  the  insertion  of  a 
wedge  A,  which  opens  out  the  leaves  BB,  and  thereby  expanding  the 
ring  C,  which  grips  the  shell  D,  over  its  whole  inner  surface.  The 
application  to  wheels  or  pulleys  is  shown  in  Fig,  3.     Instead  of  the 
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hand  wheel  shown,  which  is  for  general  purposes,  the  lever  may  be 
worked  by  hand  when  frequent  disconnection  is  required,  as  in  small- 
power  transmission.     The  above  are  by  J.  Bagshaw  &  Sons,  Limited, 


Fig.  4i7.^Friclion  clutch  to  reversing  pulleys. 

Batley.   There  are  many  other  kinds  of  friction  clutches,  one  of  which  is 
known  as  the  elastic  clutch. 

Couplings. — A  coupling  is  a  cast-iron  sleeve  into  which  the  ends  of 


F[G.  418,— Friction  clutch  to  bevel  wheels. 

two  shafts  may  he  placed  and  secured.  The  simplest  form  is  the 
"  muff"  coupling,  which  is  now  almost  obsolete,  owing  to  the  difficulty 
of  its  removal  from  the  shafts. 

The  "  flange "  coupling  consists  ot  a  coupling  in  two  parts  which 
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are  secured  tc^ether  by  turned  bolts,  the  heads  of  which  are  recessed 
flush  with  the  flange.  (Fig.  421.)  The  shafts  are  key-bedded, 
as  are  the  couphngs,  the  latter  being  secured  in  place  by  tightly  fitted 


F[G.  419. — Fiiction  cliKch  to  double-armed  pulley. 

keys.     To  get  the  couplings  absolutely  true,  they  are  turned  on  their 
internal  faces  after  keying  on  to  their  respective  shafts.     This  is  both 


costly  and  inconvenient,   especially   if  the   coupling   has  to  be  dis- 
connected to  pass  on  a  solid  pulley. 

The  Compresaion  Conpling  (Fig.  43  2) — sometimes  called  "  Sellers' " 


Dcinz.aoy  Google 


TRANSMISSION  OF  POWER, 


391 


coupling  (after  the  inventor) — although   built  up  of  several  parts,  is 
undoubtedly  the  best.     It  embodies  all  the  essential  points,  viz. — 

It  is  easy  to  put  on  or  remove  j  it  is  bored  to  slide  on  the  shaft 
(without  hammering) ;  it  fits  the  shaft,  and  cannot  slip,  has  no  pro- 
jecting bolts,  and  is  always  true  on  any  shaft  of  a  similar  diameter, 
»>.  it  is  interchangeable. 

The  coupling  proper  consists  of  three  pieces, 
an  outer  sleeve,  A,  and  two  cones,  BR  The 
two  cones  are  first  bored  to  fit  a  shaft  of  standard 
size;  they  are  then  placed  on  a  mandrel  and 
turned  to  a  taper  of  one  in  four.  The  outer 
shell  is  first  bored  to  the  same  taper,  and  turned 
on  a  special  mandrel.  Round  the  inside  of 
the  shell  and  the  outside  of  the  cones  are  cast 
three  equidistant  grooves,  Di,  Da,  D3  (Fig.  423). 
The  cones  are  completely  cut  through,  as  shown  yig.  421.— Flange 

in  Fig.  423,  so  as  to  make  them  slightly  elastic.  coupling. 

When  the  couphng  and  shafts  are  put  together  as 

shown,  and  three  bofts  passed  through  the  grooves  and  screwed  up,  the 
couplii^  is  ready  for  work.    It  will  be  understood  that,  the  several  parts 


Fig.'  428. — Sellers'  compression  couplings. 

being  accurately  turned  and  bored,  it  is  obvious  that  the  coupling  will 
be  true  on  any  shaft  of  the  same  size.  The  above  description  is  for  a 
friction  drive,  but  for  very  large  shafts  a  sliding  feather  is  let  into  the 
shaft  to  act  as  a  stop. 
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Figs,  434,  415,  are  exaggerations,  but  are  intended  to  show  what 
takes  place  when  trying  to  couple  tc^ether  two  shafts  that  vary  in  size, 
be  it  ever  so  little,  with  a  rigid  coupling. 

Sbaftingr  and  Bearings. — Shafting  for  the  transmission  of  power  to 
the  various  machines  may  be  of  wrought  iron  or  mild  steel,  and,  inde- 
pendently of  the  machines  driven  by  it,  absorbs  power  (when  once  set 
in  motion)  in  consequence  of  the  friction  in  the  bearings,  and  the 
resistance  of  the  air  to  the  pulleys. 

The  friction  of  the  bearings  is  proportional  to  the  weight  of  the 
shaft  and  the  diameter,  fitting,  and  lubrication  of  the  journals.  When 
shafting  is  at  work  it  is  subjected  to  two  different  kinds  of  strains,  viz. 
a  torsional  strain  owing  to  rotative  power  exerted  by  the  engine  in 


Fig.  423. — Sellers'  compression  coupling. 

order  to  drive  the  machines,  and  a  bending  strain,  owing  to  its  own 
weight,  the  weight  of  the  pulleys  on  it,  and  the  resultant  pull  of  the 
belts.  The  strength  of  shafting  to  resist  torsion  varies  as  the  cube  of 
the  diameter,  and  if  shafting  be  considered  merely  as  a  means  of  trans- 
mitting power,  its  torsional  stiffness  must  be  considered  as  well  as  its 
torsional  strength.  That  is,  it  must  not  twist  more  than  a  certain 
amount  in  a  certain  length,  or  else  the  speed  of  revolution  at  the  far 
end  of  the  shaft  will  be  so  jerky  and  irr^ular  that  it  will  be  sure  to 
spoil  work  done  by  machines  driven  from  it  at  that  point.  The  maxi- 
mum of  twisting  allowable  in  good  practice  is  i  degree,  or  -^  of  a 
revolution  for  each  to  diameters  in  length  of  the  shaft.  The  strength 
of  shafts,  so  far  as  torsional  stiffness  is  concerned,  is  proportional  to  the 
square  of  the  area  of  their  cross  section. 
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In  calculating  the  size  of  shafting,  it  may  be  taken  as  a  safe  rule  that 
wrought  iron  will  stand  a  working  stress  of  9000  lbs,  per  square  inch  of 
cross  section,  and  steel  13,500  lbs.  The  following  formuUe  for  calculating 
the  dimensions  of  shafting  as  used  in  ordinary  mill  work  have  been 


Fics.  424,  425. — Shafts  coupled  out  of  line. 

decided  on  after  carefully  comparing  the  best  text-books  with  the  best 
practice ;  they  are  reduced  to  their  simplest  forms : — 

Diameter  of  wrought-iron   shaft  to    transmit  a  given  horse-power, 
taking  into  consideration  the  twisting  moment  only  — 


-  3*294 


'  /   horse-power  to  be  transmitted 
V  ,     ""' 


number  of  revolutions  per  minute 
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Diameter  of  wrought-iron  shaft  to  transmit  a  given  horse-power, 
allowing  for  the  bending  strain  of  pulleys  and  belts— 


_    .J    '  /  horse- power  to  be  transmitted 
V    number  of  revolutions  per  minute 

If  the  shall  be  of  steel,  multiply  the  diameter  as  found  for  wrought 
iron  by  o'874. 

Therefore,  a  3-in.  diameter  steel  shaft  will  transmit  80  horse-power 
at  150  revolutions  per  minute,  while  a  wrought-iron  shaft  will  be  3J  in. 
diameter  to  transmit  80  horse-power  at  ijo  revolutions  per  minute. 

The  next  point  to  be  considered  is  the  distance  between  the  bearings 
by  which  the  shaft  is  supported.  A  safe  rule  for  this  is :  the  distance 
in  feet  between  the  bearing  of  a  shaft  carrying  the  usual  proportion  of 
pulleys  should  be  5  Vthe  diameter  of  shaf\  in  inches'. 

The  following  table  is  calculated  from  this  formula,  and  shows  at  a 
glance  either  how  far  apart  the  bearings  may  be  when  a  given  size  of 
shaft  is  to  be  used,  or  if  it  is  only  possible  to  put  bearings  in  cert^ 
places,  then  what  size  the  shaft  must  be  to  work  properly:— 


TABLE  OF  Weight  of  Turned  Wrought 

IRON  Shafting. 

Dbmnrof 

>h.ft. 

"•is.'"' 

Diameter  of  i      Wei^t  per 

DbnwtR  of        Wdgbt  per 
1       diafl.                   ftot. 

'm 

It* 

-     .^-           rbsT"" 

in.         ,            11.^ 

2-62 

3l       '          33"5 

4         1          4'*9 

9            1          211 

■1 

.?   !    % 

,       loj         1         289 

!t 

IO-5 

f      w. 

0 

^i 

f        ^:^ 

10-8 

3                   23-6 

6J                mo 

12          '         377 

14                   462-0 

31         1         3«'. 

7i        '         MJ'o 

1 
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The  weight  of  steel  shafting  may  be  found  by  multiplying  these 
weights  by  I'oa.but  the  difference  is  small,  amounting  to  only  6^  ounces 
per  foot  of  3-in.  shafting. 

As  an  example,  we  will  assume  that  a  shaft  of  wrought  iron  is  to  be 
used,  zj  in.  diameter,  and  making  150  revolutions  per  minute.  It  is, 
perhaps,  the  commonest  size  and  speed,  and  so  represents  every-day 
work.  For  a  shaft  of  this  diameter  the  bearings  should  be  spaced 
apart,  5  Va's''  =  5  X!(>'2$, 

=  5  X  i'842  =  9'3io  ft.  =  9  ft.  3  in. 

The  weight  of  9  ft.  3  in.  of  aj-in.  shafting  is  151  lbs.  The  friction 
on  each  bearing,  or  the  power  required  to  overcome  it  expressed  in  foot- 
pounds per  minute  will  be — ■ 

=  o-or57  X  150  X  2-5  X  151  =  889 
Now,  if  a  2g-in.  steel  shaft  be  substituted  for  the  2J  wrought  iron 
■  one,  the  distance  apart  of  the  bearings  should  be  8  ft.     The  weight  of 
8  ft.  of  2g  in.  shafting  is  95  lbs.,  therefore  the  friction  of  each  bearing 
will  be — 

=  o'oi57  X  150  X  2  X  95  =  447  ft.  lbs.  per  minute 

as  against  889  for  2^in.  shafting,  but  there  will  be  more  bearings. in  a 
given  length  of  2-in,  shafting  in  the  proportion  of  9*25  to  8.  Therefore, 
to  compare  them  we  must  increase  the  447  proportionately,  which  makes 
520  as  against  889,  or,  in  other  words,  the  power  required  to  drive  an 
iron  shaft  is  70  per  cent,  more  than  that  required  to  drive  a  steel  one 
to  do  the  same  work. 

Going  now  to  the  economical  question  involved  in  first  cost,  we  may 
assume  that  steel  shafting,  weight  for  weight,  costs  50  per  cent-  more 
than  iron.  Let  us,  then,  assume  the  cost  of  iron  shafting  at  1^1/.  per  lb., 
and  steel  at  2\d.  1  ft.  of  2^in.  iron  shafting  weighs  i6'4  lbs.,  and  at 
i\d.  costs  zj.  o}^d.  I  ft.  of  2g-in,  shafting  weighs  io'5  lbs.,  and  at  ■i\d. 
costs  IS.  ii\d.,  showing  that  in  first  cost  steel  is  practically  the  same  as 
iron,  while  the  daily  cost  of  driving  the  iron  shaft  is  70- per  cent,  more 
than  the  steel  one. 

Bearings. — Bearings  for  shafting  have  undergone  considerable  change ; 
the  shafting  has  been  produced  under  improved  conditions  at  the  rolls, 
and  with  superior  straightening  appliances  shafts  have  been  more  truly 
set  before  and  after  turning.  Special  lathes,  too,  have  been  designed 
for  shafting,  which  has  resulted  in  the  work  produced  being  more 
cylindrical  and  truer  to  gauge. 

Shafting  bearings  were  formerly  plumnier  blocks  worked  out  in 
dimensions  to  the  old  rule — diameters  =  2^d.  This  formulae  is  now 
obsolete,  and  instead  of  a  bearing  with  a  top  and  bottom  brass,  we  have 
no  brass  at  all,  but  simply  cast-iron  bearings.  This  is  stated  to  be  the 
best  material  for  the  purpose,  and  undoubtedly  under  proper  conditions 
cast  iron  will  wear  as  smooth  as  any  of  the  alloys  of  more  expensive 
metals.  The  proper  conditions  are,  shafting  straight,  round,  and  true 
to  gauge  from  end  to  end. 
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Bearings  designed  of  such  a  form  that  the  length  may  be  made  as 
great  as  necessary  to  keep  the  pressure  per  square  inch  very  low,  and 
also  to  automatically  adjust  themselves  to  give  a  full  support  to  the  shaft 
without  any  possibility  of  hinding.  It  is  therefore  contended  that  under 
these  circumstances  cast  iron  Is  the  proper  and  hest,  material.  It  is 
harder  than  hrass,  and  will  therefore  last  longer,  and  will  wear  the 
shaft  less. 

It  is  almost  impossible  to  set  a  series  of  rigid  bearings  so  truly  that 
the  shaft  will  bear  on  each  of  them  throughout  its  whole  length  and 
without  straining,  nor  if  by  chance  so  set  will  they  last  long  in  that  state, 
for  settlement,  or  warping,  or  something  is  sure  to  happen  to  throw 
them  out  of  line.  Thus  the  very  first  thing  that  happens  when  a  new 
shaft  is  put  to  work  is  that  it  wears  itself  a  bed,  i.e.  it  wears  away  its 
hearings ;  the  result  is  that  a  space  is  left  into  which  dust  and  grit  can 
get.  These  bed  themselves  in  the  brass,  and  wear  the  shaft,  and  so 
mutual  self-destruction  goes  on. 

The  operation  thus  involuntarily  performed  is  exactly  what  we  do 
when  we  desire  to  grind  down  a  shaft,  viz.  "  lapping."  Referring  to 
the  design  of  the  old-fashioned  bearings,  they  are  considered  faulty  in 
two  important  points ;  first,  they  are  rigid  and  immovable  in  any  direction 
when  once  they  have  been  set ;  and  second,  because  they  are  rigid  they 
must  be  made  narrow,  or  otherwise  they  would  bind  the  shaft  to  too 
great  an  extent  for  practical  use.  Even  when  narrow,  owing  to  almost 
inevitable  errors  in  alignment,  they  bind  the  shaft  to  a  certain  extent, 
and  the  merit  of  the  combined  hrass  and  narrowness  is  that  they  are  the 
more  readily  worn  away. 

This,  therefore,  proves  that  a  long  bearing  is  better  than  a  narrow 
one.  The  weight  is  distributed  over  a  larger  area,  and  therefore  both 
shaft  and  bearing  are  less  worn.  In  fact,  with  liberally  proportioned 
bearings  the  wear  is  inappreciable  after  several  years  of  use.  Although 
the  bearing  is  made  longer,  the  friction  is  theoretically  not  altered  (pro- 
vided the  fit  be  perfect  in  each  case)  but  actually  it  is  decreased,  and 
for  this  reason  :  perfect  lubrication  consists  in  keeping  a  film  of  oil 
at  all  times  between  the  shaft  and  the  bearing,  so  that  the  shaft  does 
not  actually  touch  the  hearing,  but  floats  on  a  film  of  oil,  the  particles 
of  which  roll  on  one  another  when  the  shaft  revolves,  forming,  in  fact,  a 
roller  hearing.  But  it  is  diflicult  to  keep  the  film  intact  if  the  pressure 
per  square  inch  of  bearing  surface  becomes  great.  It  is  hard  to  say  the 
exact  pressure  that  may  be  applied  with  safety,  but  there  is  no  doubt 
that  with  bearings  of  only  ij  or  2  diameters  in  length,  the  point 
when  the  oil  would  be  squeezed  out  becomes  dangerously  near,  and,  in 
fact,  is  often  passed;  while  with  bearings  of  4  diameters  there  is  an 
ample  margin  of  safely,  and,  the  film  of  oil  being  thicker,  more  perfect, 
and  under  less  pressure,  the  shaft  will  actually  in  daily  practice  revolve 
more  freely  in  such  an  one  than  in  a  narrow  bearing.  Only,  as  before 
stated,  the  use  of  long  bearings  makes  it  absolutely  necessary  that  they  ■ 
should  be  free  to  adjust  themselves  to  the  shaft,  and  it  is  just  the  inven- 
tion of  a  form  of  bearing  which  will  allow  of  this  that  has  made  long 
bearings  a 
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Setting  Bearings. — In  this  form  of  bearing  the  setting  has  been 
considered  in  the  design,  and  what  was  originally  a  slow  and  awkvard 
matter  is  now  comparatively  easy.  The  plan  adopted  is  briefly  this : 
to  set  one  point  in  every  bearing  in  line,  such  point  to  be  the  exact 
centre  of  the  bearing,  using  this  point  as  a  centre  of  a  ball  formed 
outside  the  bearing.  Two  cups  are  so  located  in  the  frame  to  carry  the 
bearing,  one  above  and  the  oUier  below  it ;  these  cups  may  be  raised  or 
lowered  by  the  screws.     {See  Fig.  426.) 


Fig.  426. — Swivel  beaiing,  in  seciion. 

Setting  Bearings  in  Alignment. — It  is  difficult  and  almost  impos- 
sible to  set  a  series  of  bearings  in  perfect  alignment,  both  vertically  and 
horizontally  throughout  their  whole  length.  Much,  however,  depends 
upon  the  type  of  bearing  and  the  method  adopted  in  setting.  It  is  sug- 
gested that  we  set  one  point  in  every  bearing  in  line,  and  that  we  select 
for  such  point  the  exact  centre  of  the  bearing.  Now,  if  we  form  on  the 
outside  of  the  bearing  a  ball  having  that  point  for  its  centre,  and  if  we 
arrange  two  cups  in  the  frame  that  carries  the  bearing,  one  to  go  below 
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the  ball  and  the  other  above  it,  and  if,  further,  we  provide  an  arrange- 
ment by  which  these  cups  can  be  raised  and  lowered,  it  is  clear  that  we 
have  a  satisfactory  bearing.  Such  a  bearing  is  shown  in  Fig.  426,  which 
is  a  sectional  elevation  of  a  swivel  bearing.    The  ball  and  cups  form  a 


Figs.  427,  428. — Ball  Ihiust  bearings, 

ball  joint,  in  which  the  shaft  is  free  to  move  in  any  direction  sufficiently 
to  accommodate  itself  to  the  shaft 

Another  feature  is  that  in  case  the  main  shaft  should  get  slightly 
bent,  the  bearing  will  roll  in  its  seat  to  the  same  amount,  and  so  save 
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additional  friction.     The  use  of  the  adjusting  screws,  combined  with 
the  ball  and  socket,  renders  the  erection  of  shafting  very  simple. 

Ball  Bearings, — The  Hoffman  Manufacturing  Company,  Ltd., 
Chelmsford,  patented  a  ball  thrust  bearing,  which  is  illustrated  in  Fig. 
427.  The  bearing  is  made  either  to  support  the  end  of  a  vertical  shaft, 
or  to  act  between  a  fixed  abutment  and  a  collar,  or  a  shaft  working 
horizontally.  As  will  be  seen  in  the  sectional  view  (Fig.  428),  the  balls 
are  located  between  two  discs,  which  are  partially  enveloped  by  an 
annular  ring.  This  ring  is  bored  and  coned  on  its  inner  face  to  the 
same  inclination  as  the  ring  next  to  it,  while  the  upper  disc  has  a  ball- 
race  near  its  outer  edge,  the  rest  part  being  left  flat.  Referring  to  the 
figure,  it  will  also  be  seen  that  the  lower  disc  is  bored  considerably 
larger  than  the  diameter  of  the  shaft,  which  gives  room  for  it  to  travel, 
as  well  as  rotate;  it  also  gives  an  increase  of  freedom  to  the  balls. 
Thus,  when  the  shaft  revolves,  the  bearing  receives  the  thrust,  and  the 
upper  disc,  the  balls,  and  the  lower  disc  either  revolve  unitedly  or 


Fig.  429.— Speeding  cone  pulleys. 

separately,  as  the  case  may  be.  A  steel  wire  coil  is  inserted  above  the 
upper  disc,  which  keeps  the  bearing  compact,  and  at  once  makes  it 
self-contained.  These  bearings  are  made  for  all  shafts  between  %-m.  and 
3- in.  diameter. 

Rnle  for  Cone  Pulleys. — A  convenient  rule  for  finding  the  diameter 
of  cone  pulleys  so  thai  a  belt  may  run  equally  tight  on  all  of  them  is  as 
follows.  Draw  a  line  AB  (see  Fig.  429)  making  AB  equal  distance 
between  centres  of  cones.  Bisect  AB  in  C,  and  erect  perpendicular 
CD.  The  diameters  of  one  cone  are  known,  and  one  step  of  the  other 
cone.  From  A  as  a  centre  describe  four  circles  {i,  2,  3,  4)  to  represent 
the  steps  of  the  cone  whose  diameters  are  known.  Draw  a  straight 
line  tangent  to  the  one  circle  on  B  and  the  circle  on  A  with  which  it 
corresponds.  This  line  will  cut  CD  in  D.  If,  now,  tangents  be  drawn 
to  the  other  circles  on  A  and  passing  through  the  point  D,  and  if  circles 
be  drawn  from  B  as  a  centre  touching  these  several  lines,  then  the 
circles  on  B  will  be  the  diameters  of  pulleys  that  will  work  with  those 
on  A,  so  that  the  belt  will  always  be  equally  tight. 


Dcinz.aoy  Google 


40O      MACHINE    TOOLS  AND    WORKSHOP  PRACTICE. 

Wall  Box  and  Bearings.—  Main  shafts  are  frequently  carried  through 
two  or  more  shops.  Fig.  430  shows  a  type  of  wall  box,  with  swivel 
bearing  bolted  inside  it.  Fig.  431  represents  a  wall  bracket  with  swivel 
and  adjustable  bearing.  The  same  type  of  bearing  is  sometimes  fitted 
to  a  hanger,  and  suspended  from  an  upper  floor  or  beam. 

A  further  type  (Fig.  43a)  is  used  when  pillars  are  available;  in  this 
case  the  bracket  is  short  and  compact  compared  with  the  wall  bracket, 
but  in  the  latter  allowance  for  pulleys  and  belts  has  to  be  considered  in 
the  design. 

Counter  Shaft. — Fig.  433  represents  a  counter  shaft  and  hangers. 
The  arm  at  the  back  has 
an  adjustable  sling  to 
carry  die  rod  for  shifting 
the  belt.  It  will  be  seen 
that  the  bar  is  moved  by 
means  of  a  pin  fixed  in 
a  disc  and  connected 
with  it  by  means  of  a 
bent  rod.  Motion  is 
given  in  either  direction 
by  pulling  a  cord  or 
chain  lying  in  the  groove 
of  the  disc. 

Speed  of  Shafts  and 
Pulleys.  —  To  find  the 
size  of  pulley  required 
on  a  shaft  which  is  to  be 
driven  at  a  certain  rate 
from  a  given  pulley  on 
a  shaft  of  fixed  rate : 
Multiply  the  speed  of 
shaft  I  (revolutions  per 
minute)  by  the  diameter 
of  given  pulley  i,  and 
Fig.  430.— Wall  box  and  bearing.  divide  by  speed  (revolu- 

tions per  minute)  re- 
quired for  shaft  2,  This  gives  the  diameter  of  pulley  2  in  same  units 
as  diameter  of  pulley  i  was  taken.  If  the  diameter  of  pulley  2  is 
known,  and  speed  of  shaft  2  is  required,  divide  by  diameter  of  pulley 
2,  and  get  speed  of  shaft  a  (revolutions  per  minute). 

Example  i. — What  speed  (revolutions  per  minute)  will  a  shaft  B 
(Fig.  i)  with  a  pulley  6  in.  diameter  run  at  when  driven  from  a  pulley 
24  in.  diameter  on  a  shaft  A  running  at  150  revolutions  per  minute? 


^A32^  - 


600  revolutions  per  minute  (Fig.  434). 


Example   2. — A  dynamo  running  at  600  revolutions  per  minute 
has  to  be  driven  from  a  pulley  P  on  a  shaft  which  is  running  at  100 
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revolutions  per  minute.     The  dynamo  has  a  pulley,  D,  8  in.  diameter. 
rind  size  of  pulley  P  on  the  shaft  (see  Fig.  435), 

600   X    8  n   ■  ,■ 

=  48  in.  diameter 

Example  3. — A  polishing-machine  is  to  be  driven  at  1800  revolu- 
tions per  minute  from  a  pulley,  A,  30  in.  diameler  on  a  shaft  running  at 
120  revolutions  per  minute.  Diameter  of  pulley  P  on  polishing- 
machine  3  in.  Find  suitable-sized  pulleys  B  and  C  on  a  countershaft, 
so  that  machine  is  driven  at  the  rate  required. 


Fig.  431. — Swivel  bearing  supported  by  beam. 

Suppose  the  countershaft  revolves  at  x  revolutions  per  minute  (se 
Fig.  436). 

Theo3°/»=%C?<^^,8^^ 
B  X  a;     ^       3 
or  13  C  =  18  B 
.-.  C  =  g  B 
We  have  only  to  fix  on  a  convenient  size  for  one  pulley,  and  w 
know  the  other. 
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Suppose  B  =  10  in.  diameter. 

Then  C  =  15  in.  diameter. 

These  pulleys,  put  on  countershaft  as  shown  in  Example  3,  Fig.  436, 
would  effect  the  desired  result. 

Boiler  Bearings. — Although  the  advantages  claimed  as  arising  from 
the  use  of  roller  bearings  have  long  been  acknowledged  as  theoretically 
sound,  it  is  only  within  the  last  few  years  that  roller  bearings  have  come 
into  commercial  use.  The  principal  advantages  claimed  for  roller 
bearings  are — 


Fi<J.  432.  — Swivel  bearing  od  pillars. 

1.  Reduction  in  starting  effort. 

2.  Reduced  tractive  effort. 

3.  Decreased  revolving  effort. 

4.  Economy  in  lubrication. 

For  many  years  the  only  successful  application  of  rolling  motion  to 
bearings  was  the  well-known  "  ball  bearing  "  so  universally  adopted  for 
cycles ;  and  although  these  bearings  have  proved  very  satisfactory  for 
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light  loads,  they  are  not  suited  for  heavy  loads,  as  the  balls  indent  the 
path  or  race  upon  which  they  run.  As  soon  as  this  takes  place,  the  balls 
begin  to  lose  their  friction-reducing  properties.  If  a  semi-circular 
trough  be  constructed  which  accurately  fits  a  ball,  and  after  the  ball  is 
placed  therein  one  end  of  the  trough  is  lifted  until  movement  of  the 
ball  takes  place,  it  will  be  found  that  the  ball  moves  by  sliding,  not  by 
rolling.  This  is  indentation  carried  to  its  extreme  limit.  Another 
defect  m  ball  bearings  is  that  the  balls  are  allowed  to  touch  each  other, 
and  as  the  touching  points  of  any  two  balls  are  revolving  in  opposite 
directions,  there  must  be  a  certain  amount  of  scrubbing  friction. 


Fio.  433. — Counter  shaft  and  hanger. 

The  roller  bearing  suited  for  heavy  work  is  one  made  by  the 
Roller-Bearings  Co.,  Ltd.,  of  London.  This  particular  form  of  bearing 
has  been  arrived  at  after  many  trials  of  various  kinds  of  bearings.  It 
consists  of  a  floating  cage,  which,  though  not  theoretically  perfect,  has 
been  found  to  give  better  results  in  practice  than  other  forms  which 
are  more  theoretically  perfect.  The  construction  of  this  bearing  is 
cleariy  shown  in  Figs,  437,  438. 

The  following  figures  are  the  results  of  experiments  made  to  ascertain 
the  relative  starting  effort  of  tramcars  fitted  with  ordinary  bearings  and 
those  with  roller  bearings. 

On  a  gradient  of  r  in  zo  :  ordinary  bearings,  roo ;  roller  bearings, 
77.     Saving,  23  per  cent. 
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On  a  gradient  of  i  in  80 :  ordinary  bearings,  100;  roller  bearing! 
50,    Saving,  50  per  cent. 
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On  a  gradient  of  i  in  140 ;  ordinary  bearings,  100  ;  roller  bearings, 
39"6.     Saving,  60-4  per  cent. 

Patent  Boiled  Shafting.— Mild  steel  shafts,  direct  from  the  rolling 


Frr.s.  4J7,  438.— Roller  bearings, 

mills,  are  first  straightened  either  in  a  special  machine  made  for  the 
purpose  or  with  a  "  crambo  "  used  in  a  lathe. 

The  shafting,  however,  known  as  the  "  Patent  Rolled  Shafting  "  is  a 
superior  article  to  that  which  is  prepared  for  turning,  inasmuch  as  it  is 
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subjected  to  a  special  treatment,  which  leaves  little  to  be  desired  either 
for  diametrical  accuracy  or  uniform  straightness.  So  far  as  the  manu- 
fecture  of  the  steel  into  a  shaft,  the  process  is  identical  with  the  usual 
practice,  that  is  by  "  piling  "  and  "  rolling,"  as  is  the  case  when  ordinary 
round  steel  bars  are  being  produced.  In  the  patented  process,  however, 
when  the  bar  leaves  the  "  rolls,"  it  is  a  trifle  larger  in  diameter  than  the 
proper  size.  The  bar  after  being  rolled  is  a  good  red  heat ;  it  is 
therefore  allowed  to  cool  down  to  a  dull  red  heat  (in  daylight),  which  is 
found  by  practice  to  be  the  best  heat  for  "  planishing,"  as  the  operation 
which  makes  it  true  and  straight  is  called. 

The  planishing  machine  is  a  massive  structure,  and  stands  well  down 
on  the  floor  to  avoid  lifting  the  bars  to  be  operated  upon.  The  machine 
consists  of  a  pair  of  vertical  discs,  which  rapidly  revolve  on  horizontal 
shafts.  They  are  nearly  equal  in  diameter,  and  are  placed  face  to  face, 
but  not  with  their  centres  opposite,  there  being  a  horizontal  distance  of 
about  9  in,  between  the  centre  lines  of  the  discs.  Supposing  the  faces 
to  be  three  inches  apart,  and  the  discs  to  be  revolving  in  the  same 
direction,  then  if  a  bar  slightly  larger  than  three  inches  is  placed  between 
them,  the  bar  will  revolve  on  its  own  axis,  and  will  be  reduced  in 
diameter  to  exactly  three  inches. 

The  bar  is  horizontal,  and  when  it  is  at  the  same  level  as  the 
centres  of  the  discs  it  will  simply  revolve  between  them,  and  will  have 
no  other  motion ;  if,  however,  it  be  lifted  above  the  centres,  say 
about  J  in.,  it  will,  besides  revolving,  travel  lengthwise  between  the 
discs.  Should  it  be  |  in.  or  so  below  the  level  of  the  centre,  it  will 
also  travel  lengthwise,  but  in  the  reverse  direction.  In  this  way, 
then,  works  the  machine  at  the  Kirkstall  Forge.  The  bar  is 
brought  from  the  rolls  slightly  larger  than  the  intended  shaft.  After 
cooling  to  the  right  temperature,  it  is  placed  on  the  table  of  the  machine, 
which  is  level  with  the  floor,  and  one  end  is  inserted  between  the  discs. 
It  immediately  commences  to  revolve  and  to  travel  longitudinally,  so 
that  after  a  little  time  the  whole  length  of  the  bar  has  been  operated 
upon  or  planished.  When  it  leaves  the  discs,  the  bar  is  now  a  shaft, 
comparatively  round  and  straight.  The  surfaces  of  the  discs  which 
perform  the  planishing  arc  perfectly  smooth,  and  during  the  operation 
a  copious  supply  of  water  falls  upon  them  and  upon  the  shaft.  Hence 
the  latter  leaves  the  machinery  perfectly  free  from  scale,  and  with  a 
smooth  skin  having  a  dark-blue  polish.  These  shafts  are  made  in  all 
sizes,  from  7-in.  down  to  ^-in.  diameter.  According  to  tests  made,  these 
rolled  steel  shafts  were  found  to  be  one-fifth  stronger  (in  tension)  than 
the  ordinary  rolled  shafts  of  the  same  diameter.  This,  however,  is 
what  might  be  expected  from  the  nature  of  the  planishing  operations. 

A  recent  test  as  to  diametrical  accuracy  was  made,  and  a  maximum 
error  of  f^ao  of  an  inch  was  found. 

The  writer  saw  a  machine  under  construction  in  which  the  shafts 
were  of  the  above  type  ;  each  shaft,  after  passing  through  several  bearings, 
was  quite  free  to  rotate,  requiring  no  adjustment. 

Belts. — To  ensure  steady  driving,  a  belt  must  be  of  uniform  thickness 
and  quality  throughout.     Leather  belting  is   therefore  generally  made 


Dcinz.aoy  Google 


TRANSMISSION  OF  POWER.  407 

from  the  choicest  portions  of  the  hide.  Owing  to  the  want  of  uniformity 
in  quaHty  of  even  the  best  belts,  double  belts  are  usually  employed  to 
drive  large  machine  tools.  "Raw-hide"  belts  give  the  most  uniform 
drive  with  high  speeds;  these  being  strong  and  flexible,  parallel  in 
length,  and  even  in  thickness.  Belt-joints  are  made  by  cementing, 
sewing,  or  riveting.  Canvas,  rubber,  and  gutta-percher  are  also  made 
up  into  belts.  Those  made  of  canvas  are  apt  to  get  frayed  on  the  edges 
when  controlled  by  a  belt  fork.  This  fraying  may  be  obviated  by 
fixing  rollers  on  the  fork  ends,  which  revolve  as  the  belt  travels  past 
them. 

"Crossed  Belts." — A  crossed  or  "full  twist"  belt  gives  a  reverse 
motion  to  the  driven  shaft.    (Fig.  439). 


Fif3.  439. — Crossed         Fro.  440.— Driving  at  an  angle.  Fig.  4}i. — Quarter 


Hip     Cp 

cb   <b 

F[GS.  442,  443. — Tapering  cones. 
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Fig.  444.— Stepped  c< 


Note. — It  is  important  in  fixing  a  belt  to  note  that  it  is  properly 

twisted.    The  following  hints  may  be  useful : — 

I.  Note  the  direction  of  driving  and  driven  shafts 

z.  Place  belt  on  driving  shaft  so  that  "  splices "  are  all  in  one 

direction,  and  that  the  end  of  splice  leaves  pulley  last. 

3.  Take  both  ends  of  belt,  and  make  one  twist,  taking  care  that  the 
insides  nib  together, 

4.  According  to  the  direction  of  drive  required,  kt  belt  on  forward 
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Figs.  447,  448. — Tackle  for  lifting  and  shifting  material,      ^ 
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side  go  to  ariven  pulley  and  pass  ove7-  it,  that  is,  assuming  the  driving 
pulley  parts  with  die  belt  beneath  it. 

Crossed  belts  are  frequently  used  side  by  side,  with  "  open,"  i.e.  not 
crossed,  belts,  to  reverse  the  direction  of  rotation  of  counter  shafts  to 
lathes  and  screwing  machines  when  engaged  in  using  dies  or  taps. 

There  are  two  distinct  sets  of  pulleys  required  on  the  countershaft 
when  the  reversing  motion  is  to  be  faster  than  the  other  one;  this  is 
obtained  by  pulleys  of  different  diameters.  When  the  speed  of  rotation 
is  to  be  the  same  in  both  directions,  three  pulleys  only  are  required,  the 
two  outer  ones  carry  the  open  and  crossed  belts  respectively,  and  are 
called  idle  or  loose  pulleys.  The  counter  shaft  can  be  instantly  thrown 
into  action  by  transferring  one  or  other  of  the  belts  to  the  fast  pulley 
between  them. 

Referring  to  the  foregoing  it  will  be  understood  that  the  belt  forks 
are  in  opposite  directions ;  these  are  to  guide  the  belt  on  to  the  fast 
pulleys  as  required.  Another  way  of  doing  this  is  to  employ 
two  pulleys  with  a  clutch  between  them.  The  clutch  actuates 
a  cone  disc  which  has  its  counterpart  in  the  internal  part  of 
the  pulley's  rim.  This  is  a  very  effective  and  smooth  form 
of  drive,  there  being  no  belt  forks  required. 

Tranamitting  Motion  by  Belts. — ^Fig.  440  shows  the 
method  of  driving  by  belt  a  shaft  placed  at  an  angle.  The 
two  idle  pulleys  being  placed  on  a  shaft  at  right  angles  to 
the  driving  and  driven  shafts.  When  two  parallel  shafts  lying 
in  the  same  plane  are  too  close  for  a  direct  drive,  the  arrange- 
ment shown  in  Fig.  441  is  found  satisfactory,  called  a  Quarter 
Twist  return  belt. 

"^c^ail"  ^'^?^-  44*  ^"^^  443  show  two  forms  of  tapering  cones  for 

hitch.         altering  the  relative  speeds  of  the  driving  and  the  driven 
shafts.  These  pulleys  allow  of  a  minute  and  continual  change 
of  the  speed  by  traversing  the  belt. 

The  stepped  speed  cone  shown  in  Fig.  444  may  be  considered  as 
a  modification  of  these  taper  cones. 

"  Slinging  "  a  Piece  of  Work. — In  fixing  a  rope  sling  on  the  hook 
of  a  crane  or  puHey  block  a  secure  way  is  to  first  twist  a  loop  in  the 
rope,  as  shown  in  Fig.  448A ;  the  more  pull  there  is  on  the  rope,  the  tighter 
the  loop  grips  the  hook.  This  method  is  an  improvement  on  the  single 
loop,  especially  when  the  work  has  to  be  carried  for  a  distance,  high 
above  the  machinery  in  the  shop.  For  the  above  purpose  two  slings 
are  better  than  one;  and  by  first  placing  a  piece  of  canvas  on  the  bright 
parts  ihe  possibiUty  of  the  work  slipping  is  diminished.  Bright  shafts 
are  carried  more  securely  by  two  slings  than  by  one;  the  slings  should 
be  of  an  equal  length.  Rope  slings  are  more  reliable  than  iron  chains. 
The  former  show  fracture  some  time  before  severance,  while  the  latter 
break  without  warning;  this  defect  is  greatly  overcome  by  using  a 
suitably  strong  chain,  and  further  by  periodically  annealing  every  link, 

^ckle  for  lifting  and  shifting  Material,— One  of  the  most  im- 
portant factors  in  the  economic  working  of  an  engineering  workshop  is 
the  facility  with  which  the  various  iron  castings  and  forgings  are  moved 
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from  place  to  place,  or  to  the  machine  tools.  In  modern  and  well- 
equipped  shops  one  or  two  travelling  cranes,  worked  either  electrically, 
or  by  steam,  or  hand  power,  run  the  whole  length  and  breadth  of  the 
shop.  To  such  machines  which  cannot  be  conveniently  reached  by  the 
traveller,  i.e.  those  situated  beneath  the  balcony,  provision  is  made  by 
having  a  single  rail  (with  junctions  and  side  tracks  as  required),  upon 
which  trolleys  carrying  pulley-blocks  are  located.  There  is  by  this 
arrangement  a  complete  service  of  blocks  always  ready  to  the  workmen's 
hands,  so  that  waiting  for  a  "  crane  "  or  a  "  lift  "  is  not  known.  This  is 
decidedly  an  advantage.  We  have  seen  men  frequently  wait  for  the 
crane  and  pulley-blocks  too  from  ten  to  thirty  minutes,  and  while  they 
were  being  served  others  had  to  waif. 

Figs.  445,  446,  show  material  being  run  from  the  stores  to  the 
shops  for  either  machining  or  fitting  there. 

Fig.  447  shows  a  view  of  a  modern  machine  shop  fitted  complete 
with  Herbert  Morris  and  Basterf  s  system  of  Overhead  Runways.  The 
lifting  gears  and  trolleys  in  this  picture  are  engaged  in  taking  material 
to  and  fixing  same  in  the  various  machines  it  has  to  be  operated  on. 

Fig.  448  shows  this  system  being  used  for  shifting  a  radial  drill- 
ing machine  from  one  place  to  another.  Loads  with  this  system  are 
travelled  with  marvellous  ease.  The  trolleys  run  on  ball-bearings,  and, 
owing  to  the  high-class  manner  in  which  they  are  made,  it  is  practically 
impossible  for  them  to  get  out  of  order. 
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CHAPTER   XIX. 

METHODS   OF  WORKING. 

There  are  three  distinct  systems  of  working  in  this  country.  The  first 
may  be  called  "  time  work,"  where  each  operative  is  paid  at  a  pre- 
determined rate  of  wage  per  hour  according  to  the  agreement  made 
when  engaged  either  by  the  principal  manager  or  the  foreman,  as  the 
case  may  be.  The  amount  may  be  the  "  standard  rate,"  or  less  or  more, 
according  to  persona!  ability  or  merit.  In  many  establishments  each 
order  has  a  working  number,  and  all  work  for  that  particular  order  is 
booked  daily  by  every  operative  engaged  on  it.  From  this  the  actual 
cost  of  production  may  be  ascertained,  and  for  similar  work  comparison 
can  be  made  from  time  to  time. 

In  such  establishments  as  make  machines  to  a  standard  pattern  a 
closer  application  of  the  "  time  system  "  is  frequently  observed.  The 
quantity  of  pieces  are  given  out  to  be  "  machined,"  and  a  record  is  made 
of  the  fact,  and  the  time  is  also  noted,  both  then  and  after  the  completion 
of  the  work,  so  that  by  a  daily  perusal  of  the  storekeeper's  book  by  the 
manager  or  foreman  the  eye  soon  becomes  familiar ;  and  since  each 
operative  is  engaged  usually  in  his  special  work,  any  great  difference  in 
the  time  booked  is  quickly  detected,  and  inquiries  are  made.  These 
investigations  are  very  helpful  to  the  managing  staff,  inasmuch  as  they 
make  it  famihar  with  all  the  reasons  for  delay  or  improvement,  as  the 
case  may  be.  It  is  a  wonderful  and  orderly  system,  because  by  it  the 
exact  stage  of  the  work  in  progress  can  be  ascertained  not  only  to  a  day 
but  to  an  hour. 

Another  system  is  that  of  piece  work.  One  of  the  first  essentials  of 
a  successful  piece-work  system  is  the  establishment  of  a  proper  method 
of  arriving  at  piece-work  prices.  The  usual  method  pursued  hitherto 
when  prices  have  to  be  settled  for  a  new  machine  is  to  either  guess  at 
the  price  from  the  nearest  parallel  case  in  the  cost-book,  or  else  to  put 
one  madiine  through  the  shop  on  "  time  work,"  and  take  the  piece-work 
prices  from  the  booked  cost  of  the  time  work.  Both  these  methods  are 
inaccurate  and  unsatisfactory,  especially  the  latter,  for  in  this  a  distinct 
temptation  is  held  out  to  the  men  to  make  the  time  job  last  as  long  as 
possible  so  as  to  get  high  piece-work  prices,  after  which  they  take  care 
to  do  the  piece  work  itself  at  a  slow  rate,  only  making  such  profit  as 
will  not  result  in  the  price  being  "  cut." 

A  more  satisfactory  system  is  that  in  which  the  price  of  each  process 
is  obtained  by  tabulating  and  pricing  each  of  the  elementary  operations 
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into  which  it  is  sub-divided.  To  carry  this  system  into  effect  it  is 
necessary  that  speed  and  feed  tables  should  be  prepared  for  all  the 
machine  tools  and  appliances,  and  that  notes  should  be  taken  con- 
tinuously of  the  time  taken  on  all  elementary  hand  processes,  such  as 
the  time  taken  to  put  the  change  wheels  on  a  given  lathe,  the  time  taken 
to  remove  a  face  plate  and  put  on  a  chuck,  the  time  taken  to  remove  a 
given  weight  from  one  part  of  the  shop  to  another,  and  so  on, 

A  continuous  record  of  these  matters  taken  day  by  day  will  not  only 
be  aseful  in  settling  piece-work  prfces,  but  it  will  also  enable  the  manager 
to  know  where  time  is  being  wasted  and  where  economy  may  be  effected 
by  improved  methods. 

The  speed  and  feed  tables  having  been  prepared,  the  calculation  of 
the  cutting  time  of  the  tools  may  be  effected  by  very  simple  formula ; 
and  if  this  were  all  that  is  necessary  the  piece-work  prices  would  be  a 
matter  of  a  very  simple  calculation,  and  could  be  got  out  by  the  draughts- 
man when  getting  out  his  list  of  quantities  and  weights. 

The  point  of  real  difficulty  is  the  determination  of  the  idle  time ;  that 
is  to  say,  the  time  lost  in  getting  the  stuff  out  of  the  stores,  setting  it  in 
the  machine,  changing  tools  and  chucks  and  so  forth,  all  of  which  will 
take  greater  or  less  time  according  to  the  efficiency  of  the  management. 

The  percentage  of  idle  time  is  a  good  criterion  of  managerial  ability, 
for  upon  it  depend  to  a  large  extent  the  commercial  success  of  the 
concern. 

Before  calculating  the  time  which  will  be  taken  to  do  any  given  job, 
we  must  decide  upon  the  cutting  speed  and  rate  of  feed.  These  can 
only  be  determined  either  by  experiment  or  from  previous  experience, 
as  they  depend  upon  many  conditions.  The  job  itself  may  be  of  such 
form  as  to  spring  or  even  break  under  the  strain  of  a  heavy  cut,  or  its 
shape  may  be  such  that  it  cannot  be  held  in  the  machine  with  sufficient 
firmness.  The  strength  and  stiffness  of  the  machine  tool,  the  chuck  or 
vice,  the  slide-rest,  and  the  cutting  tool  itself  must  all  be  considered. 
Then,  again,  the  speed  and  feed  are  governed  by  the  degree  of  accuracy 
required. 

In  jobs  requiring  no  great  accuracy  a  slight  spring  does  not  matter, 
and  a  heavy  cut  may  be  used ;  but  where  accuracy  is  needed,  spring  is 
not  permissible,  and  light  cuts  are  essential. 

In  connection  with  the  following  formula  a  few  figures  as  to  cutting 
speeds  and  feeds  are  given.  These,  however,  must  not  be  regarded  as 
rigid  figures,  applicable  to  all  cases,  but  rather  as  bases  to  commence 
from  when  experimenting  to  determine  the  right  speeds  for  new  jobs. 

Lathe  Work. — The  number  of  revolutions  per  minute  for  a  given 
cutting  speed  is  obtained  by  formula  No  i  : — 

when  R  =  revolutions. 

C  =  cutting  speed  in  feet  per  minute. 
D  =  diameter  of  the  job  in  inches. 
The  speed  so  found  will  probably  not  coincide  with  any  of  those  on 
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the  speed  and  feed  tables,  but,  of  course,  the  nearest  is  taken.    The  time 
required  for  each  traverse  is  then  found  by  formula  No.  2 ; — 

^      RXF 
when  T  =  time  in  minutes. 

L  =  length  of  traverse  in  inches  (whether  sliding  or  suriacing.) 
F  =  feed  in  inches  per  revolution. 
Example. — A  shaft  2  in.  in  diameter  to  have  a  cut  taken  along 
36  in.  of  its  length. 

C  =  22  ft.  per  minute 
F  =  o'o32  per  revolution 

R  =  ---     —  =  415  revolutions,  nearest  =  40 

Time  =  ■ ^ =28  minutes 

40  X  0-032 

Cntting  Speeds. — Cast  iron,  30  ft.  to  36  ft.  per  minute ;  steel,  16  ft. 
to  26  ft, ;  hardened  steel  and  chilled  iron,  13ft. 

Drilling  formulae  Nos.  1  and  2  apply  to  drilling,  C  being  the  cutting 
speed  at  the  periphery  of  the  drill,  R  being  the  revolutions  per  minute 
of  the  drill,  and  L  the  depth  of  the  hole. 


! 

Ca-I 

ron. 

c 

1 

F 

16 

16 
16 
16 

1 

i 
1 

0004s 

000625 
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O'0I25 

Example. — Hole,  5  in.  diameter ;  3^  through  in  wrought  iron. 

„       1-8  X  20 

R  =  -..o         =  87,  nearest  90 


=  35  mmutes 


0875 

T  =  — li^— =  1 
90  X  o-oi 

Hilling^. — The  speed  of  the  cutter  in  revolutions  per  minute  for  a 
given  cutting  speed  is  given  by  formula  No.  i,  in  which  C  =  the  cutting 
speed  at  the  periphery  of  the  cutter,  and  D  the  diameter  of  the  cutter. 
In  preparing  the  speed  and  feed  list  the  feed  of  the  table  in  inches  per 
minute,  with  the  belt  on  the  different  cones,  should  be  taken.  The  time 
taken  for  a  given  traverse  is  that  given  by  the  formula  No.  3 1— 
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in  which  F  is  the  feed  of  the  table  in  inches  per  minute.  (See  Brown 
&  Sharpe's  Treatise  on  Milling.) 

Planing. — ^As  planing  machines  are  set  to  run  at  one  speed  only,  the 
preparation  of  their  speed  and  feed  tahle  is  a  simple  matter. 

The  time  taken  for  a  traverse  is  given  by  formula  No.  4 ; — 


T  = 


0-083  X  W  X  Lx  (i  +R) 
CxF         "      " 


in  which  \V  =  width  in  inches  of  the  surface ;  L  =  the  length  of  the 
stroke ;  R  =  ratio  of  the  quick  return ;  C  =  cutting  speed  in  feet  per 
minute  ;  F  =  feed  in  inches  per  cut,  and  x  a  constant  depending  on  the 
loss  of  time  at  each  reversal,  and  which  must  be  determined  by  experi- 
ment for  each  machine. 
Example. — 

(a)  Surface  72  in.  X  36  in.  wide. 
C  =  zo  ft. 

F  =  0-0625,  "o  quick  return. 
X  =  say  1-05. 

^  o;oS3  ><:,3  Xjfr»S  X  (.  +  »><  ,^  e,  mins. 

20  X  0-0625  '        ^   ^ 

(b)  Same  job,  but  with  quick  return  having  a  ratio  of  1  to  4. 

^  o:o8jJ03  X  36:^5  x_(l  +  \)  ^  ^.^^ 

20  X  0-0625  ^         -^ 

Here  we  see  the  advantage  of  the  quick  return. 

Slotting  and  Shaping. — There  are  two  methods  of  driving  the  rams 
of  slotters  and  shapers.  In  one  the  ram  is  driven  by  a  screw  with  a 
reversing  motion  similar  to  that  of  a  planer.  This  offers  the  advantage 
of  a  uniform  speed  of  the  tool  throughout  the  stroke,  but  as  the  reversal 
is  dependent  upon  momentum,  it  does  not  take  place  at  exactly  the  same 
point  at  every  stroke,  so  that  clearance  must  be  left  for  the  tool  at  both 
ends,  and  this  renders  this  class  of  machine  unsuitable  in  those  cases 
where  the  tool  has  to  move  within  definite  limits.  For.  these  machines 
formula  No.  4  applies,  the  same  as  the  planers. 

In  the  other  class  of  slotters  and  shapers  die  ram  is  driven  by  a 
crank  and  connecting  rod,  a  quick  return  being  generally  obtained  by 
driving  the  connecting  rod  through  a  link  instead  of  attaching  it  directly 
to  the  crank  pin.  These  machines  have  cone  pulleys,  and  the  stroke  of 
the  connecting  rod  can  be  varied  so  that  a  number  of  cutting  speeds  can 
be  obtained.  In  preparing  the  speed  and  feed  table  the  number  of 
revolutions  per  minute  of  the  crank  shaft  with  the  belt  on  different  cones 
should  be  taken,  and  the  revolutions  per  minute  required  for  a  given 
cutting  speed  and  stroke  are  then  found  by  the  formula  No.  5  : — 

n  C  X  12 
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in  which  C  =  the  cutting  speed  in  feet  per  minute ;  L  =  the  stroke  in 
inches ;  and  R  =  the  ratio  of  the  quick  return.  It  should  be  borne  in 
mind  that  in  these  machines  the  cutting  speed  is  not  uniform  throughout 
the  stroke,  so  that  C  represents  the  average  cutting  speed. 

The  time  required  for  a  complete  traverse  is  given  as  before,  by  the 
formula  No.  4,  but  omitting  the  constant  x,  as  there  is  practically  no  loss 
of  time  at  reversal. 

In  addition  to  the  tools  enumerated  there  are  in  every  shop  others 
of  a  special  or  subsidiary  nature,  the  speeds  and  feeds  of  which  also 
require  to  be  obtained. 

The  foregoing  formulfe  will  enable  us  to  calculate  very  quickly  the 
actual  tooling  time  on  the  different  jobs,  but  this  is  only  one  item 
among  the  number  which  go  to  make  up  the  total  time  of  the  job. 

When  a  man  is  given  a  new  piece  of  work  he  usuaUy  has  to  go  to 
the  stores  to  fetch  it,  and  when  he  arrives  there  a  stores  man  not  well 
acquainted  with  the  work  may  bring  him  half  a  dozen  articles  before 
he  hits  upon  the  right  one ;  and  perhaps  the  workman  may  stand 
neglected  at  the  counter  waiting  till  the  storemcn  finish  telling  each 
other  fairy-tales  before  condescending  to  give  him  their  attention. 
^Vhen  he  gets  back  to  his  machine  the  work  has  to  be  chucked  or 
cramped,  the  tools  set,  and  measurements  taken.  The  time  of  none  of 
these  things  can  be  determined  by  calculation,  but  can  be  determined 
by  a  manager  who  has  full  power  over  the  drawing  ofBce,  works,  and 
stores.  He  can  order  the  work  in  such  a  way  that  the  men  do  not 
have  to  go  to  the  stores  for  their  work,  but  have  it  laid  beside  their 
machines  by  the  labourers  in  good  time.  He  can  also  see  that  only 
men  are  employed  in  the  stores  who  have  been  through  the  shops,  and 
know  the  names  and  appearance  of  all  the  goods  used,  and  he  can  also 
suppress  gossip. 

A  tool  room  and  regular  supply  of  tools  to  the  men,  without  the 
necessity  of  their  taking  them  to  be  ground  or  dressed,  is  a  natural 
accompaniment  to  piecework.  The  provision  of  time-saving  chucks, 
tool-setting  arrangements,  and  measuring  instruments  lies  entirely  with 
the  manager.  For  these  reasons  the  true  determination  of  the  piece- 
work rates  must  lie  with  the  manager  and  his  staff,  with  whom  will  also 
lie  the  work  of  recording  continuous  observations  of  the  time  taken  on 
the  work  as  it  proceeds. 

When  preparing  the  schedule  of  piecework  prices  it  is  desirable  to 
prepare,  at  the  same  time,  a  complete  hst  of  the  materials,  with  their 
weight  and  cost,  so  that  the  total  cost  of  the  contemplated  work  may 
be  obtained,  and  alterations  made  if  it  is  found  excessive.  The  par- 
ticulars should  be  entered  into  a  book. 

Li/ling  Tackle. — Each  machine  should  have  a  handy  jib  or  girder, 
a  light-block  or  compressed-air  cylinder  to  lift  the  work,  so  leaving  the 
shop-traveller  to  have  to  deal  with  heavy  jobs  only. 

Boring  Mill. — This  should  have  jaws  (perfectly  self-centering)  on 
the  (ace  plate,  and  a  Rirret  to  take  the  tools  so  as  to  save  time  in  tool 
changing. 

Lathe. — In  order  to  save  time  in  tool  changing  this  should  have 
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turret,  preferably  square,  so  that  the  tools  can  be  brought  close  up  to 
le  job,  so  avoiding  spring.  For  the  turning  45°  corners  and  recesses 
le  top  should  be  set  over  by  the  tool-maker  accurately,  and  then 
steady-pin  hole  drilled  and  reamered  through  the  top  and  bottom 
ffivel  plates,  so  that  the  top  can  in  future  be  set  to  45°  accurately 
ithout  loss  of  time. 

Drilling  and  Tapping. — In  this  work  it  is  desirable  to  tap  the  holes 
nmediately  after  they  have  been  drilled,  and  before  the  job  has  been 
loved,  so  as  to  ensure  the  taper  being  concentric  with  the  holes.  The 
apping  chuck  should  therefore  be  arranged  so  that  the  drills  and  taps 
an  be  changed  in  it  simultaneously.  It  should  also  have  a  reversing 
notion  within  itself,  so  that  the  tap  can  be  run  out  without  having  to 
everse  the  machine,  and  it  should  also  have  a  friction  clutch  to  prevent 
treakage  of  taps.  The  machine  should  be  fitted  with  speed-changing 
(ear,  by  means  of  which  the  speed  can  be  changed  instantly  from 
apping  to  drilling  and  vice  versd.  without  having  to  change  the 
■traps. 

Stores. — Orders  for  various  material  required  should  be  handed 
ID  the  foreman  labourer,  and  it  should  be  his  duty  to  see  that 
hey  are  obtained  from  the  stores  and  laid  by  the  machines  in  good 
ime,  so  that  the  machine  men  may  go  straight  on  from  job  to  job  wirh- 
Hit  loss  of  time.  For  the  same  reason  their  price  notes  should  be 
riven  to  them  in  advance,  so  they  will  see  what  jobs  they  have  before 
hem,  and  if  they  do  not  see  the  material  coming  round  they  can  speak 

0  the  foreman  about  it  in  good  time. 

It  should  be  noted  on  the  schedule  of  piecework  prices  that  for  each 
irocess  the  name  of  the  tool  is  entered  on  the  same  line  as  the  number 
tf  hours  which  the  process  will  take.     From  these  entries  a  summary 

1  prepared,  which  shows  at  a  glance  the  total  amount  of  work  for 
ae  shop  in  any  given  job.  With  summaries  for  all  the  work  in  the 
hop,  the  manager  can  see  at  once  what  work  he  has  before  him,  and 
low  many  hours  it  will  take  to  finish ;  and  bearing  in  mind  the  dates 
iven  for  delivery,  he  can  see  whether  any  (and  if  so  which)  portion 
f  the  shop  will  have  to  work  overtime  to  keep  to  promises, 

TToion  Joint. — The  union  joint  {Fig.  449)  is  a  ground  fit  between  the 
va  coned  surfaces  A  and  B,  and  when  held  in  contact  by  the  retaining 
wt  E,  which  is  screwed  on  to  the  part  B,  a  thoroughly  steam-tight  joint  is 
oade.  When  fixing  the  pieces  together,  the  rim  of  Bi  is  slipped  over  Aj, 
)  is  then  screwed  into  the  internal  nut  E  until  the  faces  of  A  and  B 
nake  a  joint  This  is  an  easy  joint  to  connect  and  disconnect,  and 
rhen  worn  can  be  reground  with  emery  powder  and  oil  The 
crewed  portions  are  fitted  to  various  sises  of  steam  piping ;  such, 
3r  instance,  as  a  "  i^in.  union"  means  that  the  pipe  is  \\\ti.  bore, 
ut  the  outer  diameter  is  ffis,  and  the  union  is  threaded  to  suit  it 
"here  are  in  this  case  eleven  threads  per  inch.  A  table  showing 
.le  number  of  threads  per  inch  on  each  size  of  pipe  is  given'  on 
age  424. 

Sometimes  it  is  more  convenient  to  have  a  flange  on  the  union 
istened  together  with  bolts;  in  this  case  the  faces  form  a  steam-tight 
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joint.  When  it  is  desired  to  couple  up  a  pipe  of  smaller  size,  a  "  bush- 
ing "  is  used ;  this  screws  over  the  small  pipe  with  its  internal  threading 
and  into  the  large  pipe  by  its  external  threading.  Two  parallel  pipes 
may  be  connected  by  a  "  fitting  "  called  a  return  bend,  made  semicircular  ; 
or  pipes  may  be  joined  by  a  Y-branch  :  this  is  where  two  pipes  are  rooted 
into  one.  The  fitting  called  an  elbow  is  to  conduct  a  pipe  in  an  angle  of 
90°  or  a  right  angle. 
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APPENDIX 


Shaw's  lllectrical  HeaBuring  Machine. — The  foregoing  measuring 
machines  depend  on  the  principle  of  compression,  i.e.  a  feeler  or 
"  gravity  piece  "  is  directly  or  indirectly  gripped  between  the  head  and 
the  gauge;  when  the  head  is  made  to  recede  the  "gravity  piece"  falls, 
and  the  reading  on  the  machine  is  then  taken. 

But  another  principle,  that  of  electric   touch,  has   recently  been 
proved  by  Dr.  Shaw,  Nottingham,  to  be  much  more  sensitive  than  that 


Fic  450.— Shaw's  elecliical  measuring  michioe. 

of  compression.  When  the  head  touches  the  gauge  an  electric  circuit 
is  completed  through  a  telephone  carried  by  the  observer.  Instead 
of  using  heads  which  are  plain  or  slightly  convex,  as  in  the  compres- 
sion machines,  one  or  both  heads  are  rounded  points  or  beads.  The 
screw  has  a  pitch  of  ^  in.,  the  wheel  has  500  divisions,  and  the 
vernier  shows  tenths — so  the  unit  is  55^00  '"■  ^t  '^  ^^  ^*y  '*'  '^^^ 
a  difference  of  this  amount  as  ^5555  in.  on  a  compression  machine. 
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This  great  gain  in  sensitiveness  is  not  due  to  any  improvement  in  the 
mechanism,  but  to  the  totally  different  principle  of  detecting  touch. 

In  the  form  of  instrument  shown  there  is  a  fixed  base  which  is 
rendered  optically  plain ;  on  this  the  gauge  is  placed,  and  the  screw  is 
lowered  until  electric  contact  is  made.  The  electrical  a 
simple  and  easily  arranged. 

Standard  Screw  Threads.    (Fio.  451.) 


No.  of  ihre^ids  pei  inch 


!=  depth  =/  X  0-64033. 
-=  radius  =>.X  0-1373, 
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American  Standard  Thread.     (Fig.  452.) 

IF  —  V         —  j^Q  j,|-  threads  per  inch 
fl'=  depth  =/x  0-6495. 


1               8 

'I 

4) 

3! 

IS            7 

2! 

4J 

31 

'1            7 

'1 

31 

li      '      6 

t 

4 

3i 

ll       '      6 

1 

4 

31 

■1              Si 

A 

31 

ij            5 

n       5 

3 

3! 
31 

Dcinz.aoy  Google 


APPENDIX. 
Acme  Standard  Screw  Thread.    (Fig.  453.! 


toiraula  j  ,i  ^  depth  =  1/  +  o' 

l/=flai      =/x  0-3707. 


No.  of  threads  [ler  inch 


f/  =  pLtch     =jj 
rf=  depth  =/X  006. 


1810 
169-0 

149-0 
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"V"  Thread,    (Fig.  455.) 


Foimula  \  ^o.  of  threads  per  inch 

I  d  =  depth  =  /  X  0-8660. 


thrcadi    ,  Dimnetcr.      threadi 


tlo.ot 

No.  of 

■ 

Uumeler 

threads 

pitinch. 

per  inch 

J 

4 

3l 

3i 

4 

4i 

3i 

31 

'i 

4 

31 

■      3! 

'i 

4i 

31 

31 

'i 

3i 

3 

■1 

4 

31 

3 

"i 

4 

4 

3 

)  French  Standard  THBEAtJ  {Marii  System). 
(FiC.  456.) 

I"  ~"  "         —  iq-(,_  of  threads  per  inch' 
rf  =  depth  =/X  0-6495. 
/=flat       =|- 


ENTERNATIONAL   STANDARD,      TAPS   A 


6'5 
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Whitworth  Gas  Threads. 


DkiHlerat 

Number  of 

Diameter 

'      boHomof 

Ihreads 

si«- 

Diameter. 

j 

,        thread. 
0-3367 

pet  bch. 
z8 

% 

lh™d° 

T             0-3BJ5 

2-02I 

^ 

1             o'5i8 

0-4506 

19 

'5 

2- 16 

2042 

i       '      0-6563 

0-5889 

19 

■i 

2-245 

2-.285 

i             0-8257 

o-?342 

14 

^ 

2347 

2-2305 

j             0-9022 

1     0-8107 

14 

A 

2-5875 

2-471 

\             1-041 

j      0-949S 

14 

A 

3-0013 

2-8848 

J              1-189 

!       I '0975 

14 

2i 

3-247 

;      3- '305 

1-309 

,      «i925 

II 

3 

3-485 

!    3-3685 

1              1-492 

1      '"37SS 

II 

3i 

3-6985 

'      3-582 

I              165 

1      '-5335 

II 

31 

3-912 

3-79SS 

i             1-74S 

'      1-6285 

35 

4-1255 

4009 

j      ,      1-8825 

1      •765 

". 

4 

4-339 

■      4-223 

Note. — All  piping  ibove  1  in.  has  1 1  threads  per  inch. 
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TUICRNRSSES  OF    PlPES. 
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II 

31 

3! 
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1-882 

" 
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5 
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S! 

K 

ri58 

11 

7 
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2-245 

II 

2"347 
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2-467 

II 

2i 

•\ 

2-587 

11 

2 

2i 

'i 
■1 

2-794 
3-001 

" 

HOBSE-POWER    REQUIRED  TO   FIRIVE   MACHINERY   {FlatAtr). 

Machine,  u.e. 

Small  screw-cutting  lalhe,  l3}-in.  swing  (back-geared)       ....  0-41 

Screw -culling  lathe,  20  in 0-47 

Large  facing  lalhe,  treble-geated,  will  swing  68  in 0-91 

Shaper,  15.in.  siroke 0-63 

Flailing  machine,  36  in.  x  36  in.  x  11  ft 0-84 

Large  plane,  76  in.  x  76  in.  x  57  ft 1-47 

Large  drilling  machine 1*24 

Radial  drill,  6-ft.  swing 0-53 

Slatting  machine,  S-in.  stroke 0-28 

Slotting  machine,  15-in.  siroke o;9S 

Universal  milling  machine  tBrawn  &  Sharpe,  No.  I) 0-2S 

Gear-cutling  machine,  lo  cut  20  in.  diameter 0-28 

Horiiontal  boring  machine  (for  iron),  22-in.  swing 0-93 

Hydraulic  shearing  machine 1-52 

I.acge  plate  shears,  knives  28  in.  long,  3-in.  stroke,  to  punch  plates 

il  in.  thick 7-12 
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11.  diameter,  6-[n.   face  (velocity,  680  ft. 
1,  diameter,  12-in.  face  (velocity,  1680  ft. 


Deciuai,  Equivalents  of  Parts  ok  an  Inch. 


■h  0-03125 

^  o'o4688 

A  o"o6a5 

ii  0-07813 

■h  0-09375 

A-  o'i0938 


A    0-14063 
A       0-15625 

H  0-17188 


ii  0-20313 

A       o-2i87S 
\i    o-23«8 


H  0-26563 

^  0-28125 

H  0-29688 

ft  0-3125 

e  0-32813 

M  o'3437S 

„   H  0-35938 


o'453'3 
0-46875 
0-48438 


%\  0-578.3 

iS  0-59375 

H  o-6o93g 

t  o'62S 

Si  0-64063 

e  0-65625 

H  0-67.88 

H  0-6B75 

*J  0-70313 

§8  ,  0-7.875 

*}  0-73438 


0-76563 
0-78125 
079688 
0-8125 

0-82813 
o'84375 
o'85938 
0-875 

■89063 
■90625 
■92188 
■9375 


French  or  Metric  Measures. 

The  metric  unit  of  length  is  the  metre  =  39;37  inches. 
The  metric  unit  of  weight  is  the  kilogram  =  2-2046  pounds.  ^_ 

The    following   prefixes    are  used   for   subdivisions  and    multir/  - 
Milli  =  Y^,  centi  =  ^Jo.  deci  =  ^,  deca  =  10,  hecto  =  100,  kilo  y  " 

French  and  British  (and  American)  Equivalent 
Measures  of  Length. 

Fiencb.  Britiih  in. 

I  metre  =  39*37  inches,  or  3-2808  feet,  i-< 

0*3048  metre       =  i  foot. 

I  centimetre        =  0-3937  inch. 

2-54  centimetres  =  1  inch. 

1  millimetre         =  0-03937  inch. 

25-4  millimetres  =  I  inch.  , 

1  kilometre  =  1093-6  yards,  or  o-bziyj/''^^- 


Measures  of  Weight 


I  gramme 

0*0648  gramme 
28-35  gramme 
.  kilogramme 


=  .5-432  grains. 

=  1  grain. 

=  1  ounce  avoirdupois. 

=  2*2046  pounds- 
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Measures  of  Weigkt.—tontinued. 
French.  Briliih  and  U.S. 

0-4536  kilogramme       -  1  pound. 
I  tonne  or  metric  ton  1      (  °'f,f  ""  "*"  "^o  pounds. 
,«.  kilogramme.     I  ^  j  ^^^V^nds. 
Io°i6kilo*jr'ammes     }='»«"  <>f  "4o  pounds. 


Measures  of  Capacity. 


e  (i  cubic  decimetre)  = 


28-316  litres 
4-543  litres 

3785  litres 


6i'023  cubic  inches. 
0-03532  cubic  foot. 
0-2642  gallon  (American), 
2-202  pounds  of  water  at  62°  F. 
cubic  foot, 
gallon  (British), 
gallon  (Am    '       ' 


Measurements. 
Linear  Measure. 


12  inches  ~  1  foot. 
3  feet        =  I  yard. 
si  yards    =  1  pole. 
40  poles    =  I  Airlong. 
8  furlongs  =  1  mile. 


icxDO  metres. 


4840  U'yds  =  .  acre. 


Measures  of  Volume. 


Measures  of  Capacity. 


4  gills 

2  pints 

4  quarts  =  1  galiRv 

2  gallons  =  I  pecfc.  ■ 

4  pecks     =  I  bushel, 

tallon    of  pure    water    veighs 

o  pounds  avoirdupois. 


I  kilolitre     =  1000  litres. 
t  hectolitre  =  100  litres. 
I  decalitre  =  10  litres. 
1  litre 

I  decilitre    =  o'l  litre. 
I  centilitre  =  o'oi  litre. 
I  millilitre  =  o'ooi  of  a  litre. 
I  litre  of  pure  water  weighs  \  kilo- 
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Imperial  Syslrm. 

Metric  System. 

16  drams       =  i  ounce. 

1    I  kilogram     =1000  grams. 

16  ounces       =  i  pound. 

1  hectogram  =  100  grams. 

14  pounds      =  1  stone. 

I  decagram   =  10  grams. 

S  stones         =  1      hundredweight 

(cwt.) 

I  decigram    =  o'l  gram. 

I  centigram  -  o'oi  gram. 

I  milhgram    -  o'ooi  gram. 

I  kilogram     =  2jjj    or    2'2 

avoirdupois  nearly. 

Abbreviated  Equivalents. 
I  millimetre  =  y^u  of  an  inch, 
1  metre         =  3i  feet. 
I  kilometre  =  ^  of  a  mile. 
I  sq.  metre   =  1^  sq.  yard. 


TABLE  OF  DECIMAL  EQUIVALENTS  OF  STUBS'  STEEL  WIKE  GAUGE. 


Stubs'  Gauges. 

In  using  the  ganges  known  as  Stubs'  Gauges,  there  should  be  constantly  borne  in  mind 
the  difference  between  the  Stubs'  Iron  Wire  Gauge  and  the  Stubs'  Sleel  Wiie  Gauge. 

The  Stubs'  Iron  Wiie  Gauge  is  Ihe  one  commonly  known  as  the  English  Standard 
Wire,  or  Birmingham  Gange,  and  designates  Che  Stubs'  left  wire  sixes. 

The  Stubs'  Steel  Wire  Gauge  is  the  one  that  is  used  in  measuring  drawn  steel  wire 
or  drill  rods  of  Stubs'  make,'  and  is  also  used  by  many  makers  of  American  drill  rods. 
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DIMENSIONS   OF   SIZES   IN   DECIMAL   PARTS   OF   AN    INCH. 


•8& 

II 


ill 


|i 


_ 

_ 

1 

046 

0-454 

0-3938    1 

o'40964 

0-425 

0-3625 

03648 

0-38 

0-3310 

o' 32486 

O'.M 

0-3065 

02893 

0-3 

0-2830 

025763 

0-284 

0-2625 

a-z294a 

0-259 

0-2437 

0-20431 

o;238 

0-2253 

0-18194 

0-2070 

0"  16202 

0-1920 

0-14428 

o-iS 

0-1770 

0-12849 

o-i6s 

0-1620 

0-1 1443 

0-14S 

0-1483 

0-10189 

o;i34 

0-1350 

0-090742 

0-1205 

0-080808 

o-iog 

0-1055 

0-071961 

0-095 

0-0915 

0-0640E4 

0083 

0-0800 

0-057068 

0072 

0-0720 

0-05082 

0-065 

0-0625 

0-045257 

0058 

0-0540 

0'040303 

0-049 

0-0475 

0-042 

0-0410 

0-031961 

0035 

0-0348 

0028463 

0-032 

0-03175 

0-025347 

0-028 

0-0286 

0022571 

0-025 

0-0258 

0-0230 

0-0204 

0-OIS94 

0018 

a-0181 

0-014195 

0016 

00173 

0-01 264 1 

00162 

0-011257 

O-0I3 

0-0150 

0'010025 

0-0140 

0-008928 

0-0132 

0-00795 

0009 

0-0128 

000708 

0-008 

0-0118 

0006304 

0007 

0-0104 

0-005614 

0-005 

0-0095 

0-005 

O-0D4453 

0003965 

000353  i 

0-003144 

- 

- 

>-oo52 
)-oo48  ! 


0-46875 
0-4375 
0-40625 
o'375 
0-34375 
0-3125 
0-2S125 
0-265625 
0-25 

0-234375 

21875 

0-203125 


0-125 

0-109375 

0-09375 

0-078' ^5 

0-0703125 

0-0625 

0-05625 

0-05  : 

0-a4375  I 

0-0375 
0-034375 
0-03125 

187J 
0-017 1B75 

o;oi5625 

0-OI25 

0-0109375 
0-01015625 

0-0O937S 
0-00859375 
0-0078125       I 
0-00703125 
0-006640625  \ 
0-00625 
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Iron  weighing  480  lbs.  pbr  Cubic  Foot.     For  Steel,  . 


Wtirtt  of 


TbiiJcaeuo 
:l        incbs. 


Weiehl  of 


16-36 
I719 
1804 


5-16 

□■326 

0638 

13-16 

7-8 
.S-J6 


S-16 

3-8 
7-16 


13-16 

7-8 

15-16 


3-16 

S-16 
3-8 
7-16 


5742 
6302 
6-888 
7'Sa) 
8-138 


16-88 
lJ-83 
i8'Sa 
i9'So 


6-392 
6-913 
7-45S 
8-018 


7-8 
15-16 


5-16 
3-8 
7-16 


13-16 

7-8 
15-16 
t 
1-16 
1-8 
3-16 

5-16 
3-8 
7-16 

Hi 

3-4 
13-16 


42-30 

43-80 
45'33 


61-99 
63-80 
65-64 
67-50 
69-39 


2455 

27-65 
28-73 
Z9-82 
3094 
32-07 
33'Z3 
34-40 
35-60 
3682 
38-05 


44-55 
45-9' 
47 -jg 
4869 


59-07 
60-63 
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430  APPENDIX. 

"  Renolds  "  Driving:  Chains  and  Wheels. — Chain-gear  is  a  positive 
method  of  driving,  combining  the  advantages  of  wheel  gearing,  with  the 


Fig.  457.—"  Renold"  patent  silent  chaii 


Fig.  459. — Silent  chain-tooth  form. 


Fro.  460.  -New  wheel  and  cliai, 
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simplicity  of  belt  driving.     The  illustrations  Figs.  457,  458  show  forms 
of  diain  teeth  of  different  diameter,  these  having  fifteen  and  nineteen  teetli 


Fig.  461. — Worn  and  leoglhened  chun, 

respectively.     A  special  feature  in  this  form  of  drive  in  the  construction 
of  the  chain  (see  Fig.  459).    As  there  is  no  sliding,  the  chain  transmits 


FiC.  462,— Driving  a 
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the  motion  from  one  shaft  to  another  with  a  uniformly  smooth  drive. 
This  has  been  effected  by  having,  as  a  basis  of  construction,  the  wheels 
and  chains  geometrically  set  out,  and  the  gears  cut  with  a  special  cutter 
for  each  diameter  of  wheels.  There  is  a  further  advantage  in  this 
arrangement,  viz.,  that  just  as  the  chain  lengthens,  the  links  adapt 
themselves  to  suit  the  pitch  of  the  wheel,  even  when  the  chain  has  worn 
and  lengthened^  inch  per  foot  (Fig.  461). 

Fig.  460  shows  a  wheel  and  chain  when  new.  Besides  this  fornn  of 
drive  being  adopted  for  cycle  and  motor  cars,  it  is  also  much  used  in 
the  machine  shops  to  connect  the  driving  spindles  with  the  feed  shafts 
in  both  horizontal  and  vertical  milling  machines ;  and  in  cases  where 
electric  motors  are  used  to  drive  the  tools  the  above  chains  and  wheels 
are  employed  instead  of  belts  and  pulleys.  A  further  case  is  to  use  the 
chain  drive  from  main  shafts  to  counter  shafts,  when  these  are  unavoid- 
ably very  close  together ;  an  example  of  this  is  given  in  Fig.  463. 
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INDEX 


Abrupl  taper,  grinding  of,  197 
Accumulator,  hydraulic,  36S,  369 

,  valves  of,  370 

Accuracy  of  "  standards,"  5 
Acme  screw  threads,  29S 
Addy's  eipansible  cutter,  362 
Adjustable  micrometer,  19 
Advantages  ot  conical  bearings,  106 
Air-hardening  steel,  48 
Alignment  of  lathe  headatocks,  163 
Allen's  patent  tool  holder,  263 
AII075.    Sa  Brass. 
Aluminium  melting-point,  54 

,  shrinkage  of,  S  4. 

,  bronze,  53 

Amateur's  lathe,  104 

American  standard  screws,  198-430 

wire  gauge,  4*8 

Analysis  of  cast  iron,  43 
Ancient  bolls  and  nuts,  39 
Anderson's  patent  Ikcing  tool,  64 
Angle,  cleuance,  for  tools,  290 

,  cutting,  for  tools,  290 

,  relief,  for  tools,  390 

of  Brilbh  Association  screws,  4Z1 

of  U.S.  Association  screws,  410 

— — ■,  screw-cutting  gauge  for,  300 

.iron  sections,  339 

,  iron  smith,  339 

— — ■,  plate  work,  35 

,  pressure  on  gear  teeth,  289 

Angular  milling  cutters,  z6t 

drive  by  belts,  407 

for  keyways,  259 

Anvil  tools,  346 

Arms  of  wheels,  milling  between,  306 

Arrangement,  centre-truing,  138 

for  centering  shafts,  139 

of  hydraulic  riveter,  375 

of  wheels  and  flanges  (emery),  358 

Art  of  chipping,  324 

of  filmg,  318 

Assembling  room,  modern,  92 
Attachment  for  cutting  gears,  lathe,  110 
for  cutting  slots,  1 13 


Automatic  die,  "  Hartness',"  87 

-  keyway  cutting  machine,  336 

-  saw  sharpener,  217,  2iS 

-  screw  machine,  96 

-  wheel  cutting,  370 
Average  speed  for  milling,  260 
Aiial  pressure  in  spindle,  106 
Aile,  forging,  347 

-,  lathe,  duplex,  119 


Babbitt's  metal,  53 
Back-geared  lathe,  1 1 
Back-stay,  iia 


-  turuing-rest,  162 
Band  machine  (emery),  Z15 
Bearings,  cone  and  journal,  106 

-,  pillar,  402 
-,  roller,  40J 

-  supported  by  beam,  401 
-.  swivel,  397 

-.  wall-boi,  400 
Bed,  gap  lathe,  133 

',  letting  out  for  machine,  30 

',  straight,  115 
Belt-driven  hammer,  361 
Belt  driving  at  an  angle,  407 


-,  quar 


t.407 


Belts,  crossed,  407 
Bending,  machine  forge,  341 

machine,  hydraulic,  374 

wrought  iron,  45 

Bessemer  steel,  48 
Bethleheros  steel,  48 
Bevel  gear,  cutting,  2S0 

drawing,  281 

diagram,  381 

,  setting  oot  of  centre,  283 

,  table  of  cutters  for,  383 

'■  square,  23 
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Bevel  gear,  universal  piotractor,  12 

wheel,  frictional  drive  lo,  389 

Beyer    and   Peacock's   patent   grinding 

Itirniinghatn  wire  gauge,  42S 

Black  diamond,  187 

Blade  of  knife  tool,  293 

Blanks  foe  bevel  gears,  21 

Blast  air,  smithy,  343 

furnace,  43  I 

Blister  steel,  46  ! 

Block  swage,  346  ! 

Blow,  energy  of  hammer,  353 

Blower,  "  Root's,"  342 

Birch'E  front-slide  lathe,  107 

Bits,  flat  aod  hollow  (tongs),  345 

Boiler- maker's  drifts,  349 

Bolts,  aocieot,  39 

,  annealed,  38 

,  standard,  40 

,  without  heads,  40 

HoHi^  bar  (Muir),  144 

catter,  hardening,  307 

crank-shaft  bearings,  165 

cylinder,  165 

— —  and  facing  cylinder,  259 
machine,  duplei,  141 

,  floor,  145,  146 

,  heavy,  146 

and  milling  machine,  148 

plummer  blocks,  166 

shaper  body,  29 

—  and  turning  taper,  163 
Boshes'  smelting  furnace,  42 
Box,  wall,  bearing,  400 
Boiwood  scales,  2 
Brackets  to  be  bored,  28-33 
Brass  bunushing,  159 

,  files  for,  318 

finisher's  lathe,  93 

finishing  machine,  159 

,  hand  tools  for,  158 

,  hard,  53 

, ,  grinding,  205 

,  rolled  and  cast,  156 

screws,  large  and  small,  159 

— ,  yellow.  S3 
Break  laihe,  124 
Breast  drill,  67 
Breese,  350 
Bronze,  aluminium,  53 

,  gon  metal,  53 

,  phosphor,  52 

British     Association    standard    x 

421 

Brush  for  files,  318 

Built-up  gear  wheels,  274-276 

Bush,  grinding  ends  of,  201 

Burnishing  brass,  159 

Butt  joint,  250 

Buttress  threads,  29S 


Calipers,  adjustable,  7 


ble,  19 

1  ■  ■  '* 

,  setting  odd  leg,  8 

, two  pairs  of,  6 

!   ,  sliding  vemiei,  zi    - 

j  ,  spring  bows,  8 

I  Capstan  latae,  93,  94 

Carriers,  "Clements'"  driver  for,  Iia 

I  Casehardening,  348 
■  Cast  brass,  53 

iron,  malleable,  46 

pulleys,  38s 

,  smelting,  42 

,  tools  for,  290 

—  mild  steel,  Bessemer,  48 
,  Siemens  Martin's,  48 

tool-steel  crucible,  46 

,  self-hardening,  48 

steel  wheel,  turning  a,  277 

Casting  shrioklige  of,  44 
Caulking  tools,  363 
i  Centre  cup,  127 

!    ,  extended,  127 

!   — ,  half,  127 

' ■  line  and  ball  turning,  162 

,  J  oil  groove,  127 

points,  angle  for,  126 

,  combined  drill  and,  127 

,  coned,  127 

-,  portable,  drillii^  appliance,  129 

■ -,  reduced,  127 

-,square,i27 

—  stay  for  sbaft^  112-13S 
-,  Taylor's  patent  ball,  130 

—  truJDg  machine,  12S 
Chain,  annealed,  410 

and  wheel  driving,  430-432 

Change  wheels,  calculations  for,  77 

,  examples,  173 

Chasers,  inside  and  outside,  154 

,  form  of  teeth,  177 

Chasing  long  screws,  88 

screws  by  hand,  153 

Chisels,  varions,  323 
Chuck,  belt,  lathe,  1 10 

— ,  cotlett,  lathe,  85 

— ,  combination,  lathe,  131 


I   ,  four-jaw,  lalhe,  131 

1  ■ ,  three-jaw,  lathe,  157 

I   ,  two-jaw,  lathe,  133 

,  universal,  lathe,  131 

,  ,  valve-lurning,  lathe,  94 
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Chackiog  clip,  40 
Cireolar  pilch,  270 

slotting,  226 

saw  sharpener,  213 

teeth,  212 

Clam-nut  for  lathe  guide  screw,  114 
Clams  for  vice,  lead  and  iron,  332,  333 
■         for  vice,  vulcanite,  161 
Cleanliness  tuid  labrication,  76 
Clearance  angle  in  lathe  tools,  299 

■ in  Milling  cutters,  248 

Clips,  uses  of,  39 
Closed  spiral  spring,  161 
Clutch  daw,  38S 

,  friction  and  elastic,  388 

Coarse  spiral  spring,  161 

Cold  iion  and  iteefsawing  machine,  21; 

twisted  and  bent,  45 

Collar  stay,  112 

,  side  tools  for,  293 

Collet  chiiclt,  89 
Combination  chuck,  89 
Combined  valve  gear,  131 
Comineicial  value  of  a  standard,  5 


1,45 

CommotaloT  grindir^  appliance,  1 
Compact  steel  springs,  161 
Complete  self-acting,  etc.,  lathe,  1 

lathe  for  tool-room,  109 

Cone  clutch,  3S8 

Cone  pnllej",  speeding  by,  399 

in  tairet  lathe,  101 

Conical  bearings,  106 
Connecting  rod  to  shaper  machine 

10  slotting  machine,  22; 

Copies  of  British  standard  yard,  i 
Copper,  depositing  (Elmores),  52 

,  machining,  301 

,  smelting,  51 

Core  bos,  34 

CorecC  diameter  of  milting  cutte 

Cored  holes  bad  for  drilling,  58 

work,  30 

Coupling  flange,  391 

rod,  grinding  machine,  zio 

,  Sellers'  compression,  391 

shafts  out  of  line,  393 

Cradle  jig  for  milling,  20 
Crank-driven  plane  (Muir),  229 
Crank-pin,  fitting  a,  167 

iastt  hearing,  165,  166 

,  cast  and  wrongbt-iron   and  si 

167 
Cross-cut  chisel,  322 
Crucible  casl  steel,  47 
Cupola,  42 
Cutter  for  boring,  308 

,  hardening  a,  308 

,  Addy's  expansible  milling,  262 

,  adjustmeni  of,  263 


247 


EX.  435 

Cutter,  grinding  machine,  207 
Cutlets,  angle  of  milling,  24S 

,  angular  milling,  261 

-,  bevel  gear  milling,  282 

,  duplex  milling,  255 

,  end  milling,  245 

— — -,  fluting  milling,  246 

,  gang  milling,  254 

,  gear  milling,  244 

,  interlocked  milling,  248 

,  notched  tooth  milling,  252 

,  safe  speed  for  milling,  261 

,  straddle  milling,  248 

,  twin  milling,  255 

,  twist  drill  milling,  61 

with  form  teeth,  244 

formed  teeth,  243 

insetted  teeth,  246 

straight  teeth,  246 

spitiJ  teeth,  246 

Cutting  angles,  hand  tools  for  brass,  158 

,  hand  tools  for  iron  and  steel, 

■!« 

,  slide  lathe,  209 

bevel  gears,  282 

gears  on  milling  machine,  255 

on  automatic  machine,  271 

screws,  tools  for,  297-299 

— ,  tools  for  and  gauge,  299 

,  wheels  for,  177 

tools.  How  to  Use,  290-305 

,  high-speed  lathe  for,  I2I 

Curve  for  gear  teeth,  286,  287 
Cylinder  boring  machine,  143 

and  lacing  machine,  259 

portable  machbe,  149 

Cylindrical  standard  gauges,  2 

D 

Dappling  a  scraped  surface,  315 
Data  for  bevel  gears,  280 
Depth  gauges,  25,  26 

screw  threads.  Sharp  V,  20 

of  U.S.  standard,  20 

Whitworlh,  20 

Description  of  Whitworth  lathe,  110-113 
Diaineler  of  milling  cutter,  247 
Diamond  tools,  1 87 

,  pointed,  155 

Die,  Hartness',  automatic,  87 
Differences,  immeasurable,  12 
Disc  crank,  168 

,  standard  reference,  11 

Dividing  heads  (milling],  239 
Division  plate  (lathe),  108 
Dog  chuck  (lalhe),  no 
Double  acting  steam  hammer,  353 

armed  pulleys,  390 

curved  teeth  (gear),  287 
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Doable  kkv  threads,  175 
Drift,  boUei-maker's,  349 
flitters,  349 

forgers,  349 

Drill,  breast,  67 

,  effect  of  bad  grinding,  S9 

,  grinding  twist,  59 

, machine,  jo? 

,  high-speed  attachmen  t,  62 

,  holder  and  rest,  161 

,  how  to  sharpen,  206 

,  making  a  Iwist,  60 

,  method  of  driving,  59 

,  oil-lube  altachmenl,  63 

,  parallel  and  taper  shanks,  58 

,  sensitive  allaehment,  6l 

,  speed  and  feed  for,  60 

,  Tapper  Payton's  patent,  64 

,  testing  new,  60 

Drilled  holes  for  screw  cutting,  175 
Drilling  at  an  angle,  76 

cored  holes,  58 

in  the  lathe,  160 

jigs.  75.  76      ^. 

machine,  belt-diiven,  74 

,  geared,  72 

,  radial,  74 

,  rotary,    portable   appliances, 

69 

-— ,  ratchet  brace  for,  68 

.sensilive  pillar,  7- 

,  nniversal,  75 

Driver,  Clements',  III 
Driving  pulleys,  114 
Drop-lorging  dies,  357 
Double  driver,  112 

screw  threads,  153 

Duplex  axle  lathe,  119 

boring  machine,  141 

milling  machine,  242 

stiaping  machine,  222 

tool  gnndei,  204 

wheel  lathe,  118 


Eccentric  shaft,  setting  out,  31 
Elasric  coil'Spring,  hardening,  307 
Electric  welding,  349 
Electrical     measuring      machine,     t 

Shaw's,  419 
Electricians'  non-magnetic  level,  24 
Emeiy  wheels,  179 

anted,  184,  185 


"Knd" 


"  lini 


Energy  of  a  hammer-blow,  353 
Example  of  filing-np  calipers,  331,  333 

of  fitting  kuuckle-jomt,  338-331 

of  milling,  267 

of  cold  iron  twisted  and  bent,  45 

of  cutler  sharpening,  20S,  209 

of  gearing  change-wheels,  177 

of  key  fining,  335,  336 

of  open  side  planing,  234,  235 

Expanding  reamer,  304 

Expansion    link    and     block    grinding 

Explanation  of  graduations,  17 

External  gauges,  11 

tapers  being  ground,  196 

slight  tapers  being  ground,  197 

Kye  bolt  and  dies,  341 


cut,  254 


Faces  and  sides  milled  at  01 

Facing  and  boring  machine. 

Feed  milling-machiae,  hand,  263,  264 

Fielding  tjpe  of  hydraulic  riveller,  381 

File  brush,  318 

manufacture,  316 

Files  for  brass,  31S 


-,  pinning  ol 


310 


■tiof,i. 

,  uses  of,  318 

Finger  travelling  staj,  139 
Fin^her's  lathe,  brass,  93 
Finishing  machine,  brass,  159 
"  Fit  and  try  "  system,  337 
Fit,  method  of  obtaining,  a,  12 
Fitting  keys,  33S-337 
Fixing  sleflm-hammer,  353,  354 
Flange  coupling,  391 
Flanging  press,  liydraulic,  373 
Flaltwier,  Smith's,  348 
Floor  boring  machine,  14;,  146 
Fluting  a  tap,  246 

a  reamer,  ass 

Flux,  341 

Fly-wheel  and  facing  lathe,  123,  124 

and  pulley  lathe,  1 17 

Follow  test,  194 
FOTging  a  chisel,  32 1 

machine,  345 

— -  tongs,  341 
Form  cutters,  244 
Formed  cutters,  243,  244 
Former  plate  lathe,  162 
Forming-shop  (forgir^),  339-34' 
Form  of  chaser,  88 
Forms  al  centres,  127 

of  rivet  joints,  363,  364 

Frame,  swing,  sharpening  machine,  21 
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Friclion  coDe  clutch,  388 

to  bevel  wheels,  3B9 

clutch  coupling,  390 

to  pnlleys,  389 

Front  slide  lathe,  loS 
Ftoeting  a  plane  surface,  315 
Fullering  tools,  364 
Function  of  thrust  pin,  118 
Furnace,  reverberatory,  41 


Hammer,  double  acting,  353 

.,  file  cutter's,  310 

-,  hand  chipping,  310 

-,  sledge,  348 

-,  single  acting,  353 

-,  planishing,  310 

-,  30CWt.  steam,  359 

-,  lo-cwt.  sleam,  359 


Gai^  mills,  253 
Gap  lathes,  163 
Gas-engine  cylinder  boring  mactune,  141 

threads,  Whitworth,  423 

Gauge,  American  wire,  427,  4Z8 

,  British  wire,  417 

,  Stubs'  wire,  417 

,  depth,  26 

,  Imperial  .wire,  428 

,  "thickness"  or  "feeler,"  84 

Gauges,  boring  and  turning  taper,  163 

,  cylindrical  standard,  2 

,  height  of  tool,  292 

Gear  cutters,  245 

— ^  cutting  attachmeni,  106 

machine,  automatic,  270 

of'Cast  iron  and  steel,  272 

teeth,  carve  for  dooble,  287,  288 

, for  single,  286 

,  turning  rim  of  a  steel,  277 

wheels,  built-up,  274 

Gears,  double  helical,  272,  273 
Gearing  change  wheels,  1 77 
Gisholt  lathe,  99,  100,  101,  102 
Glazing,  26S 
Graduations  of  m 
Grinder,  duplei 


-fori 


Grinding  chisels,  321 

eipansion  links  and  blocks,  2 1 1 

external  tapers,  196 

head,  section  of,  193 

and  lapping  machine,  210 

room,  modem  {sa  Frontispiece) 

shafts  of  steel,  211 

Grip  socket  drill,  66 
Groove  cutting  toots,  295 
Grooving  chisels,  322 
Ground  joints,  316 
Guide  in  chipping,  324 
Gun  metal,  53 
shell,  toining,  [4 

H 


Hard  brass,  53 

Hardening  and  tempering  cutters,  308 

Hartness'  turret  lathe,  78 
Headed  keys  "gib,"  335 
Headless  keys,  335 
Head  of  grinding  machine,  193 

of  water  (hydraulics),  367 

Hearth,  angle-iron  smith's,  339 

-,  iron,  343 

— ,  modern,  342 

-,  portable,  342 
Heavy  boring  machine,  146 

face-plate  lathe,  122 

Hendy  Norton  lathe,  125 

pillar  shaper,  224 

High-speed  drill,  62 
-lathe,  120 
-  steel,  301 
Hinged  table  to  shaper,  224  ' 

Holder  and  rest  for  tools,  161 
Holders,  tool,  301,  302 
Holding-down  clips,  40 
Holding  work  in  vice,  332 
Holes  cored  for  drilling,  58 
Hollow  "bits,"  tongs,  345 

, spindle  lathe,  78-103 

Horiiontal  boring  machines,  141-146 
How  to  gear  change  wheels,  177 

to  ordinate  a  taper,  163 

to  use  cutting  tools,  290 

Hydraulic  accumulator,  368-369 

boiler  shell-plate  bender,  374 

flaring  press,  373 

jack,  Tangyes',  371 

machine  tools,  371 

riveter,  drawing  of,  375 

,  Fielding  type,  381 

for  furnace  mouths,  378 

,  portable,  at  work,  378-380 

, ,  solid  type,  377 

stationary,  376 

power,  365 

punchrog  machine,  372 

valves,  370 
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Immeasuiable  difieiences,  14 
Imperial  wire  gauge,  418 
Indicator,  lathe  test,  15 
Inserted  teetll  milling  cutler,  245 
Inside  calipers,  7 

chasers,  154 

Interchangeable  micrometer,  19 
-  ■  -  system,  the,  75 
Interlocked  milling  cutters,  255 
Internal  gauges,  II 

grinding  appliance,  198 

Involute  gear  cutter,  245 

,  pressure  angle  of,  2B9 

Iron,  bent  and  twisted,  cold,  45 

,  cast,  analysis  of,  43 

chipping  chisels,  321 

blitst  furnace,  42 

hearth,  340 

;,  pig,  smelting,  43 

piling,  346 

pullers,  balancing,  386 

,  cast,  solid,  385 

,  spUt,  383 

,  wiought,  384 

,  quality  of,  45 

,  reveftieratory  furnace,  44 

turning  tools,  hand,  155 

,  slide  rest,  290 

,  weight  of  iron  and  steel,  304 

welding,  349 

,  joints  for,  350 

Irregular  work,  setting  and  machinery,  33 

J 

Jaw  chuck  for  brass,  157 

,  combination,  131 

,  four-jaw,  131 

,  three-jaw,  157 

,  two-jaw,  133 

■,  universal,  131 

Jig  drilling,  337 

filing,  337 

milling  cradle,  259,  260 

Joint,  butt,  weld,  350 

,  scnrf,  weld,  350 

,  tongue,  wdd,  350 

,  ground,  316 

,  knuckle,  fitting  a,  329 

I.  417 


Keys,  fbted,  344- 

.  eib,  335 

,  headless,  335 

,  saddle,  335 

,  staking,  335 

,  stmk,  335 

Keyway  cutting  machine,  336 

,  milling  angular,  259 

in  two  shafts,  2J5 

Kilogram  weight,  4 
Knile  tools,  293,  294 


LapiHDg  and  grii^ng  machine,  21 1 
Large  brass  screws,  159 

milling  culters,  253 

steel  gears,  272-277 

Lathe,  alignment  of  heads,  104 

amateur's,  104 

ai^le-pJate  work,  36 

arrangement  of,  it3 

back  gear  (Plate),  119 

bell  (£uck,  119 

break,  124 

capstan,  93 

carriers,  double  {see  Plate,  Fig.  119} 

centres,  various  forms  of,  129 

,  grinding,  128 

centering  machine,  1 29 

and  straightening,  137 

change  wheels  (see  Fig.  I88) 

worked  out,  173-177 

dog  chuck,    I 

dogs  double  V  {-tee  Plate,  Fig.  119) 

drill  chuck,   ) 

driver,  Clements',  112 

driving  work  in,  tiS 

face  and  boring,  122,  123 

former  plate  for,  162 

front  slide,  108 

gap,  122 

gear  cutting  aEtacnroent,  no 

Gisholt  turret,  98 

Harlness'  turret,  78-80 

Herbert  turret,  go 

,  henagon,  gi 

leading  screw,  173 

loose  headstock,  114 

mandrels  for,  172 

saddle  work,  116 

spindle  ground  with  emery  wheels, 
•83 

, bearings,  106,  107 

,  strength  of  plates,  134 

took  for  brass,  hand,  158 

for  iron  and  steel,  hand,  155 

for  slide  rest,  290 

,  stay  for  sliding  or  back,  139 
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Lathe,  stay  for  portable  plate  {ta  Fig. 
119) 

, — ^tntee  jaw  centre,  138 

,  straight  hed,  115 

test  indicator,  15 

,  tool-room,  11 1 

turning-taper,  163 

,  wheel,  doable  railway,  iiS 

~— , and  pulley,  I  (7 

Leaden  pipe  niannracture,  56 
Length,  British  standard  c^  i 

,  French  slandard  of,  3 

LiAing  and  shifting  material,  41 1 
Limit  gauges,  10 
"  Line  and  end  "  measure.  2 
Lining-out  table  and  tools,  227 
Link,  qtiick  retnrn  by,  223 
Lubrication  and  cleanliness,  76 
for  chipping  chisels,  322 


M 

Machine,  band  sawing,  220 

bed,  setting  out,  30 

'■  bolts  and  nuts,  38 

for  boring  and  lacing,  144 

for  boring  oil-engine  cylinders,  143 

for  boring  stationary  engine  cylin- 
ders, 146 

for  boring  and  tapping,  147 

for  gear  cutting,  automatic,  270 

for  screw  making,  automatic,  g6 

for  slotting,  automatic.  2id 

-  for  sawing  metal. 


218, 


119 


for  tapping,  automatic,  65,  66 

for  tiuing  centres,  128 

lool  grinder,  205 

tools,  hydraulic,  371 

,  universal  milling,  23S-241 

Machinii^  copper,  301 

irr^ular  work,  33 

Magaune,  overhead,  102 
Making  iron,  346 

tools,  176 

Malleable  iron  castings,  46 
Mandrel  to  expand,  136 
,  how  to  make  a,  135 

,  spring-making  on,  161 

,  press,  137 

Manganese  or  white  bronie,  53 
Mann^cture  of  iron,  cost,  malleable,  and 
wrought,  42-46 

otlead  pipe,  56 

of  mild  steel,  48 

of  tool  steel,  46 

— ■  of  tool  steel,  air- hardening,  48 
Marking-out  table  and  tools,  2^ 
Master  tap,  uses  of,  313 


Materials,  tackle  for  lifting  and  shifting, 

411 
Measure,  British  unit  of,  i 

,  metric  anit  of,  3 

,  "  end  and  line,    2 

Measurement,  nses  of,  6 

Measuring   machine.   Sir   W,   A.   Arm- 

strraig,  Whitworth  &  Co.'s,  15 

,  Dr.  Shaw's  electrical,  419 

,  G.  Richards  &  Co.'s,  15 

rods,  standard,  II 

Method  of  fixing  a  steam  hammer,  353 

of  obtaining  a  "  working  fit,"  12 

Micrometer  calipers,  1 5-20 

Mill  for  vertical  turning  and  boring,  151, 

Milling  and  boring  machine,  150-152 

cutters,  Addy's  patent,  262 

-— ,  angle  for,  Z48 

•~— ,  backing  off  a,  243 

—I  Brown  and  Sharpes'  patent, 

,  form,  244 

,  formed,  244 

,  gang,  258 

,  geai,  24s 

,  grooving,  246 

,  mlerlocked,  248 

,  operating,  253 

,  skb,  245 

,  slittmg,  246 

,  solid,  245 

,  tee  slot,  250 

' — ,  teeth  inserted,  245 

■■ ,  work,  example  of  267 

Antes  in  taps,  246 

fiilure,  249 

gear  teeth,  255 

Jig,  360 

machine  bed,  257 

table,  256 

teeth  in  rack,  250 

two  sides  of  a  siot,  249-251  ' 

and  profiling,  263 

Modern  assembling  room,  92 

grinding  room  {set  Frontispiece) 

store  room,  419 

smith's  hearth,  34a 

Motion,  lathe,  reversing,  113,176 
Movable  or  centre  stay,  138 


N 


'TS,  2S7 


Narrow  milling  ci 
New  standard  metre,  3 
Notched  milling  cutter,  252 
Notes  on  hydraulics,  382 
Number  of  wire  gauge,  428 
Nut  and  bolt  milling,  24S 
tnacninery,  35 1 
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Nut  to  gaide  sctew,  1 14 

Position  of  tooth  rest,  203 

set  on  angle  plate,  37 

of  workmen  when  filing,  320 

Power  hack-saw,  219 

,  transmission  of,  383-411 

0 

Press,  mandrel,  137 

Press,  straightening,  137 

ObUaaity  of  screw  threads,  2^ 
Obtainine  ft  working  fit,  13 
Odd  1<^  calipeis,  S 

Processes  of  forging,  339 

Production  of  metallic  bars,  54 

Profile  steel,  303 

Oll-engine  cylinder  borii^  machine,  141 

Profiling  machine,  263 

tube  socket,  64 

twist  drill,  63 

Protractor,  universal  bevel,  22 

Pulley,  balancing  a,  385 
,  cast  iron  solid,  385 

Oliver's  smith's  rorge,  351 

,  double  armed,  390 

Open  hearth  steel  process,  49 

Operating  notched  mill,  253 

-,  speeding  of,  404   - 

Ore,  iron,  42 

,  of  cone,  399 

Originating  a  taper  lathe,  163 

=;3Si,1& 

Outside  chasing  tools,  154 

Oval  beaiinga,  "8 

and  fly-wheel  lathe,  117 

turning  "  loco  "  crank  shafts,  172 

Pulleys,  two  sets  of  lathe,  114 

Pomp  weld,  331 
PuncMng,  3^ 

tools,  290 

Overhead  magazine,  102 

Punching  machine,  372 

P 
Packed-up  lathe  for  boring,  165 

shafts,  32 

Q 

Parallel  vjce,  s'S-jaS 

QuaUtyofitoD,  46 

Parting  tools,  295 

Paytotfa  universal  tappet,  64 

Quick  return  shapra,  223 

Peacock  and  Beyer's  grinding  machine, 

Peara's  universal  tapper,  65, 66 

Pie  iron,  43 
Piling  iron,  346 

Rack  teelh  cutting,  250 

Ram  of  shaping  machine,  223 

Pin,  crank,  167 

Ramsbottom  rings,  168 

Kn,  thrust,  lathe,  118 

Reamer,  grinding  a,  203  ' 

Pinion,  milling  teeth  of,  255 

,  making  a,  305 

Piston  rings,  168 

Recessing  tool,  297 

Plain  grinding,  196-20! 

Reducihg  chatter  in  plane,  193 

milling  machine,  257 

Reference  discs,  standard,  11 

Planing  machine,  crank-driven,  229 

Rest,  use  of  centre,  202 

, described,  226 

Rest, of  drill  and  stay,  1 10 

,  "  open  side,"  232 

, of  drill  holder,  161 

— ,  "  plate  edge  "  231 

, of  follow,  194 

,  "spiral  geared,"  228 

, of  grinding,  194 

lools,  203 

, of  spring,  r94 

Plan  of  turret  lathe,  100 

, of  tool,  205 

Plate,  angle-work  on,  35 

, ■  of  in  turning  balls,  162 

bending  machine,  374 

Return  motion,  quick,  223 

divided  for  lathe,  106 

Reverberalory  fiimace,  44 

former  for  lathe,  162 

Reversing  motion  traverse,  113 

Plummer  bloat  boring,  166 

pulleys  by  friction,  389 

Revolving  valve  chuck,  94 

Pneumatic  hammers,  360,  361 

Riveter,  details  of  hydraulic,  375 

Pocket  spirit-level,  25 

,  Fielding  type,  381 

Portable  hearth,  342 

,  furnace  mouth,  378 

Portion  of  cutter  and  work,  254 

,  portable  solid,  377 

of  cutting  tools,  290 
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Rivets  »od  riveting,  362,  363 
Rods,  end  measunng,  11 

,  wire  tieatmeot  of,  51 

Rolled  aod  cast  brass,  t56 
Roller  feed  latrel,  86 
Root's  blower  (forge),  343 
Rotary  planing  micbine,  22 1 
Rounding  ends  of  work,  milling,  250 
Roond-nosed  chisel,  323,  324 

band  turning  tool,  15S 

Rules,  ivory,  paper,  and  steel,  z 

for  screw  cutting,  173 

Runways,  overhead,  411 
Ryder  fo^ng  machine,  346 


Saddle  for  lathe,  113 

keys.  335. 

,  work  bored  on,  166 

Safe  speed  for  milling  cutters,  261 
Saw,  power,  hack,  21^ 

diarpening  machines,  213 

Sowing  machines,  antomatic,  Z17,  2tS 

,  hand,  220 

Scrapers,  nse  of,  314 

Screw  culling,  diagram  of  wheels,  175 

,  double  threads,  175 

—  gauge,  Wyke's,  300 

,  multiple  threads,  175 

treadle  lathe,  104 

,  wheels  for,  1 73 

with  stocks  and  dies,  313 

roachine,  automatic,  96 

mandrel,  137 

micrometer,  gauging  a,  90 

thread  micrometer,  19 

threads,  various  forms  of,  298 

■  ■  ■ ,  Acme,  431 

,  American  standard,  420 

,  British  Association,  421 

,  International,  422 

,  sharp  vee,  422 

,  Whitworth  gas,  423 

,  Whilworth  standard,  420 

Scriber,  to  harden,  307 
Scribii^  irr^ular  work,  133 

out  eccentric  shafts,  31 

barrel  to  be  bored,  34 

Section  of  angle  iron,  ^39 

of  chuck  for  grinding,  202 

of  grinding  head,  193 

of  mild  steel  casting,  55 

of  files,  387 

—  through  saddle  of  milling  machine, 


23! 

Self-centering  jaw 
Sellers'  coupling. 


jaw  chuck,  160 


e  high-speed  drilling,  62 


Set  of  laps,  311 

Setting  calipers,  6 

lathe  to  turn  taper,  162 

Shaft,  cranit,  bearings  bored,  165 

,  turning  rest,  140 

;    Shafting,  spirit  level  to  test,  24 

Shafts,  ha,mniei,  311 

Shaper  plate,  oval  turning,  172 
!    Shaping  machine,  dupleit,  222 

— — -,  Hendey,  223 

: ,  template  for,  19 

!    Sharpening  machine,  Lang's,  205 

j    Shaw's,      Dr.,      electrical      measuring 

Sheet  metal,  chisel  for,  322 

Shifting  and  lifting    material,   runways 

for,  408,  409 
Shoe  for  grinding.  195 
Showing  effect  of  he»t,  190 
Shrinkage  of  aluminium,  54 

of  castings,  44 

Side  and  face  milling,  253 
Side  milling  cutter,  251 
Siemen's  steel,  49 
Single-acting  steam  hammer,  353 

curve  gear  teeth,  286 

Slab  milling  machine,  265,  266 

Slag,  344 

Sledge,  348 

Sleeved  pinion  setting,  34 

Slides  milled  with  gang  cutterE,257 

Sliding  micrometer  caliper,  21 

tools,  various  positions  of,  290 

Slinging  a  piece  of  work,  410 

Slitting  saws,  metal,  246 

Slot-dnlling  machine,  336 

Slot,  milling  a,  251 

Slots  for  liolls,  40 

Slotting  machine,  224 

Small  lathe  work  (drilling),  160 

Smelling  iron,  42 

Smith  and  Coventry's  tool  holder,  301, 

302 
Smith's  work,  356 
Soaking  (iron),  349 
Solid  pulley  (cast),  3S5 
Speeding  of  cone  pulleys,  399 

of  pidlq^,  404 

Speed  of  shafts  and  pulleys,  400 
Spiral  form  of  teeth,  257 

headslock,  milling  machine,  Z41 

springs,  closed,  161 

,  coarse,  162 

,  making,  161 

with  sure  pilch,  162 

Spirit  levels,  24 
Split  pulley,  383 
Spring  collet  chuck,  85 

making,  161 

tools,  294 

Square  bevel,  23 
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Squaring  end  of  bush,  201 
Staking  keys,  335 
SUndard,  commercial  T«lue  of,  5 
gauges,  cylindrical,  2 

reference  discs,  1 1 

screw  pilch  gauge,  198 

—  ■  ■  surface  piale,  315 

Stilting  taps,  311 

Stay,  centre,  for  shafts,  112-138 

collar  and  drill  rest,  no 

,  travelling  finger,  139 

Sleam  hammer,  352 

,  double  acting,  353 

,  method  of  fixing,  354 

stamping,  357 

dies,  357-360 

—  tools,  356 

tups,  3SS 

—  — -,  io<wt.,  359 

1  30-cwt.,  352 

valve  gear,  combined,  354 

1  hand,  3SS 

Steel,  Bessemer,  4S 

,  cementation  process,  46 

,  correct  treatment  o(,  51 

— —  gear,  turning  rim  of  a,  277 

,  nirdening  and  tempering,  305 

,  high-spcMcotling,  121 

— -  manufacture,  49 

Stiff  Itnile  tool,  293 
Store  room,  modern  (Plate),  419 
Straightening  and  centering  press,  137 
Stubs'  wire  gauge,  427 

steel  wire  gauge,  427 

Slud  chasing  by  hand,  153  ' 

Sunk  keys,  325 
Surface  grinding,  203 

plate,  testing  a,  315 

,  uses  of,  315 

Surfacing  bed  in  plain  milling  machine, 

Swivel  beating,  397 

supported  by  beams,  401 

by  columns,  402 

to  lalhe  side  rest,  162 

tool  holder,  302 


Tableof  decimal  equivalents,  427 

for  "marking  out"  work,  27 

rotating  for  circular  work,  263 

Tackle  for  lifting  and  shifting  material, 


Taper  turning,  different  ways  of,  162 

,  originatii^  a  T  for,  163 

woik,  grinding  abrupt,  197 

- — ■ , external,  199 

, internal,  200 

, special  pieces  of,  195 

Tapper,  universal,  machine,  65,  66 
Tapping  and  boring  machine,   147 

hole,  furnace,  43 

horiiontally,  313 

with  and  without  oil,  313 

Taps  and  dies,  French,  423  , 


;,  3" 


,  testing  pilch  of,  89 

,  Whilworlh,  set  of,  311 

, gas  threads,  423 

Taylor's  madiine  vice,  327,  328 

novel  machine  vice,  326 

Tec'Slot  milling  cutter,  250 
Teeth  curve  for  double  gear,  286 

for  single  gear,  286 

of  gear  wheels,  286-288 

of  motor  pinions,  255 

of  rack  milling,  250 

gear,  vernier  caliper  for,  17 

Tempering  steel,  305-9 

.     S^  Chapter  XVI.,  347 

tools,  examples  of,  307-9 

Templet,  marking  out,  29 
Ten-cwt.  steam  hammer,  359 
Test  indicator  for  lathe,  5 
Testing  pitch  of  tap,  86 

truth  of  an  angle  plate,  36 

of  a  surface  plale,  3 1 5 

Thickness  g^uge,  24 

of  pipes,  424 

Thinning  a  chisel,  323 
Thread,  acme  screw,  420 

,  American  standard,  420 

,  British  Association,  421 

,  chaang  screw,  153 

,  drunken  screw,  154 

,  double  screw,  cutting  a,  154 

,  gas,  Whitwortb,  423 

,  gauge  for,  Whitworth,  423 

, for  selling  tool  for,  300 

,  International,  422 

,  metric  standard,  422 

,  sharp  V  screw,  422 

,  screw,  micrometer,  20 

Threads,  Wbilworth  standard,  420 
Threading  tools,  299 
Throw  of  eccentric  shafts,  31,  32 
Tongs,  forging  a  pair,  341 
Toneue-joint,  welding  a,  350 
Toolcaiuking,  363 

fullering,  363 

grinder,  179 

— ,  duplex,  104 

holders,  302 
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Tool  making,  176 
—  room,  176 

■ ,  lalhe  for,  1 1 1 

steel,  air-hardening,  48 

,  double  shear,  46 

,  crucible  cast,  46 

,  hardening,  307 

— — ■ ,  tempering,  307 

Tools,  angle  for  cultii^,  290 

bar,  peg,  299 

,  boring,  299 

,  chasing,  how  to  use,  153,  154 

,  cutting,  how  to  use,  290 

for  cutting  dovetails,  297 

for  catting  grooves,  295 

- — -  for  turning  brass,  158 

for  turning  iron  and  steel,  155 

for  (urning  and  cutting  screws,  297- 

299 

,  knife,  blade,  293 

■ ■,  planing  machine,  293 

,  sliding  and  surfacing  lathe,  293 

,  spring  radius,  294 

,  undercutting  slot,  296 

Top  and  bottom  anvil  tools,  348 

Transmission  of  power,  383 

Travelling  stay,  139 

Treadle  screw-cuHing  lalhe,  104 

Trial  fitting,  337 

True  alignment  of  headstocks,  163 

Truing,  centre,  arrangement,  127,  lOI 

Tups  tor  steam  hammer,  355 

Turner  and  stay  combined,  83 

Turning  rest,  ball,  162 

,  duplex,  162 

rim  of  a  steel  gear,  277 

;  taper,  guns,  14 

, ,  by  headstocks,  162 

, ,  by  slide,  162 

,  by  template,  162 

Turret  lalhe,  "  Hartness'  "  flat,  78 

,  Herbert  A.,  92 

,  Gisholt's  motor-driven,  99 

,  roller  feed  for,  86 

,  turning  smallfly-wheelsin,  101 

—  - — ,  turning  speed  cone  in,  101 

,  turning  valves  in,  102 

Twist  drill,  grinding  a,  59 

,  making  a,  60 

,  oil  lut«,  63 

.  parallel  shank,  58 

,  taper  shank,  58 

— — , speeds  and  feeds  for,  59,  60 

,  testing  a  new,  58 

Twisted  and  bent  iron,  45 

Two  keyways  milled  together,  251 

slots  milled  together,  256 

U 
Undercutting  tools,  296 


Union  ioii 
Unit  of  m 


;,  British,  1 
■.  3 


Universal  bevel  protractor,  22 

grinding  machine,  178,  179 

lapping  and  grinding  machine,  21 1 

milling  machine,  .237 

tapping  appliance,  65,  66 

Use  of  clips,  proper,  40 

of  files,  proper,  318 

of  measurement,  proper,  6 

^—  of  scrapers,  proper,  314 

of  screw  cultii^  gauge,  proper,  300 

of  tooth  rest,  203 

of  washers,  proper,  39 


Value  of  a  standard,  commercial,  5 
Valve  gear,  steam  hammer,  354 

— — ,  combined  and  hand,  354 

,  hydraulic  accumulator,  370 

,  revolving  chuck,  94 

turning  in  turret  lathe,  102 

Various  forms  of  hearings,  106 

— of  keys,  334 

positions  for  cutting  tools,  209 

uses  of  screw-cutting  gauge,  300 

V  blocks,  uses  of,  27 

— — ,  "Acme"  threads,  421 

,  American  standard  threads,  420 

,  British  Association  threads,  421 

,  International  (metric)  threads,  422 

— ■ — ,  sharp  threads,  422 

,  Whilworlh  standard,  threads,  420 

Vernier,  calipers  fur  gear  teeth,  17 

explained,  1 7 

sliding  gai^e,  19 

Vertical  milling  machine,  263 

turning  and  boring  mill,  IJo,  152 

Vessel  showing  "  Pasco's"  law,  365 
Vice  clams,  Itod,  332 
— -  — ,  iron,  332 

,  vulcanite,  161 

,  hand,  333 

— — ,  holding  work  in,  332 

jigs.  337 

■  ■  --,  novel  machine,  326 

,  parallel,  325 

,  perfect,  327 

, section  of,  327 

,  staple,  325 

work,  examples  of,  328-331 


Wall  box,  400 
Washers,  use  of,  39 
Welding,  electric,  341 
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Welding  heat,  349,  350 
Welds,  forms  cd,  349 
Weight  of  iron  (Kent),  429 

of  Idlc^am,  426 

Wire  gauges,  437 

— — -  spring  msking,  161 
Wheel,  "built-up,"  271 

,  driven  by  chain,  430-431 

,  emeiy,  179 

,  milre,  276 

teeth,  conslrnclion  of,  a86 

,  double  helical,  272 

— — ■ ,  frustura  of  cones  for,  278 

,  single  and  double  carve,  286 

,  polishing,  246 

W  hit  wort  h-Aimstrong  lathe,  del^ls  of, 

meaauring  machine,  IS 

— —  sriew  threads,  298-420 

standard  ^uges,  I  r 

surbce  plates,  314 


Whitworlh  taps,  312 

Wood  pulleys,  386 

Work  bored  on  Uthe  saddle,  165,  166 

,  cored,  30 

,  ground,  195 

,  milling  round  ends  of,  250 

,  relative  position  of  cutler  and,  254 

Working,  methods  of,  412-417 
Wrought  iron,  production  of,  44 

-■■  ■ ,  weldable,  45 

Worm,  Hindley,  z86 

wheel,  cutting  teeth  in  a,  284 

— -,  hob  fof,  285 

,  milling  faces  of  a,  284 

and  worm  wheels,  286 

Wjke's  screw-cutting  gauge,  300 


Yard,  British  standard,  i 
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PRINCIPLES    OF    MECHANICS.       With     253    Illustrations    and 

numerous  Examples.     Crown  Svo.,  61. 
A    MANUAL    OF    MECHANICS:    an    Elementary   Text-Book   for 

Students  of  Applied  Mechanics.  With  13S  Illustrations  and  Diagrams,  and  1S8 
Examples  taken  from  the  Science  Department  Examination  Papers,  with  Answers. 
Fcp.  Bvo.,aJ.  6rf. 

GOOJ?^fAJV.— MECHANICS  APPLIED  TO  ENGINEERING.  By 
John  Goodman,  Wh.Scb.,  M.I.C.E.,  M.I.M.E..  Prolessor  of  Engineering  in  the  Uni- 
versity of  Leeds.    With  714  Illustrations  and  numerous  Examples.    Crown  Bvo.,  91.  d«i. 
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■  BCHANICS.  DYNAMICS,  STATICS,  HVDROaTATICS.  WTH.-OmHnutd. 
Grf/£r£.  — LESSONS     IN     ELEMENTARY     MECHANICS.     By 

W.  H,  GKiaTE,  late  Engineer,  R.N.,  Science  DemDostrator  for  the  London  School 

Slage  I.    With  165  IllustratitRii  and  a  large  number  of  Examples,      Fcp.  Svo.,  11.  dd. 
Stage  a.  With  laa  lUnaliatioim     Fcp.  8™.,  ji.  64 
Stage  3.  With  103  lllnslrations.     Fcp.  Bvo..  IJ,  6rf. 

MAGNUS.— ^OT\i.%  by  SIR  PHILIP  MAGNUS,  B.Sc,  B.A. 

LESSONS  IN  ELEMENTARY  MECHANICS.     Introductory  to  the 
With  c 


Examples.  Examination  Questions,  and   Solutions,  e  _., ,^.      

Answers,  and  131  Woodcuts.     Fop,  8vo.,  31.  M, 
K^  for  tbe  use  of  Teachers  only,  price  51,  3irf. 

HYDROSTATICS    AND    PNEUMATICS.      Fcp.  Svo.,  is.  6d.  ■    or, 

with  Answers,  ar.    The  Worked  Solutions  of  the  ProMema,  aj. 

/•i/ZZ^iK— MECHANICS :  Theoretical,  Applied,  and  Experimental. 
By  W.  W.  F.  PULLSH,  Wh.SclL,  M.I.M.E.,  A.M.LC.E.  With  31S  Diagram*  and 
numerous  Examples.     Crown  8vo.,  41.  6d. 

ROBJNSON.—VAJEME^TS  OF  DYNAMICS  (Kinetics  and  Statics). 
With  numerous  Exercises.  A  Text-book  for  Jonior  Students,  By  tbe  Rev.  ),  L. 
ROBtHSON,  M.A.    Crown  Bvo.,  6t. 

SAf/rif.— Works  by  J.  HAMBLIN  SMITH,  M.A. 

ELEMENTARY  STATICS.     Crown  8va,  3*. 

ELEMENTARY  HYDROSTATICS.     Crown  8va,  3s. 

KEY  TO  STATICS  AND  HYDROSTATICS.    Crown  8vo.,  6s. 

TARLETON.—AVi  INTRODUCTION  TO  THE  MATHEMATI- 
CAL THEORY  OF  ATTRACTION,  By  Francis  A.  TAki.KTON,  LLD.,  Sc.D., 
Fellow  of  Trinity  College,  and  Piofessor  of  Natural  Philosophy  in  the  Univeraity  of 
Dublin.     Crown  avo.,  lot.  W, 

TA  yZOR.— Works  by  J.  E.  TAYLOR,  MA.,  B.Sc.  (Lond.). 
THEORETICAL  MECHANICS,  including  Hydrostatics  and  Pneuma- 
tics.     ^^'ith  17s  Diagrams  and  Illustrations,   and  saa  Examination  Questions  and 
Answers.    Crown  Svo. ,  as.  6d. 

THEORETICAL    MECHANICS— SOLIDS.     With  163  Illustrations, 

lao  Worked   Enamples  and  over  500  Eiamples  from   Examination    Papers,  etc 
Crown  8va ,  ai,  6d. 

THEORETICAL  MECHANICS.— FLUIDS.    With  ii2  Illustrations, 

numerous  Worked  Examples,  and  about  500  Examples  from  Eiaminalion  Papers 
etc.    Crown  8vo..  as.  6d. 

THORNTON.  —  THEORETICAL  MECHANICS— SOLIDS.  In- 
cluding Kinematics,  Statics  and  Kinetics,  By  ArthUk  Thornton,  M.A.,  F.R.A  S 
iir;.i 1,1 !-_.   j^Q  Worked  Examples,  and  over  900  Examples  from  Examina- 
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MKCHANICS,  DVNAMICa,  STATICS,  HYDROSTATICS.  BTC-OmUiiuea. 
TiVISBEN.—WotVs  by  the  Rev.  JOHN    F.  TWISDEN,  M.A. 


THEORETICAL    MECHANICS.      With    172    Examples,   numerous 

Biercises,  and  154  Diagrama.     Crown  8vo. ,  Si.  bd. 

WILLIAM  SO  N.—mTViOYiJJCViOyfi  TO  THE  MATHEMATI- 
CAL THEORY  OF  THE  STRESS  AND  STRAIN  OF  ELASTIC  SOLIDS.  By 
ElEiqAUiN  WiLLlAUSON,  D.Sc.,  F.R.S.    Crown  Svo.,  51, 

WILLIAMSON    AND     TARLETON.  —  fiXl     ELEMENTARY 

TREATISE  ON  DYNAMICS.  Cotnalning  Applications  to  ThenQodynamics.  with 
numeroua  Examples.  By  Benjamin  Williamson,  D.Sc,  F.R.S.,  and  Francis  A. 
Tahlkton,  LL.D.    Crown  8vo.,  lot.  6d. 

IVOHTHINGTON.— DYNAMICS  OF   ROTATION:    an   Elementary 

Iniroduction  to  Rigid  Dynamics.  By  A.  M.  WorthingtOn.  C.B.,  F.R.S.  Crown 
Sto.  ,  4J,  6tl. 

MENSURATION,  SURVEYING,   ETC. 

SJfABANr.—THE  ELEMENTS  OF  PLANE  AND  SOLID  MENSU- 
RATION. With  Copious  Examples  and  Answers.  By  F,  0.  BrAbAnt,  M.A. 
Crown  8vo.,  31.  6d. 


G.ff/^5Z.£.— PRELIMINARY  SURVEY  AND  ESTIMATES.  By 
Theodore  Graham  Gribble,  Civil  Engineer.  Including  Elementary  Astronomy, 
Route  Surveying,  Tacheometry,  Curve  Ranging,  Graptiie  Mensiualion,  Estimates, 
Hydrography  and  Instramenls.  With  133  itiuslrations,  Quantity  Diagrams,  and 
a  Manual  of  the  Slide-Rule.      Fcp.  8vo.,  71.  6rf. 

///Z^K— EXPLANATORY   MENSURATION.      By  the  Rev.  Alfred 

Hllet,  M.A.     With  a  Chapter  on  Land  Surveying  by  the  Rev.  John  Hunter,  "  " 
Containing  numerous  Examples,  and  embodying  niany  of  the  Questions  set  in  (he 
Examination  Papers.    With  Answers,    ismo.,  3f.  6d. 


ZOZ?G.£,  — MENSURATION    FOR    SENIOR    STUDENTS.      By 

Alfred  Lodge,  M.A.,  lale  Fereday  Fellow  of  St.  John's  College,  Oxford ;  Professor 
of  Pure  Mathematics  nl  Ihe  Royal  Indian  Engineering  College,  Cooper's  HilL  With 
Answers.      Crown  8vo.,  41.  6rf. 
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MENSURATION.    SURVEYING.    VTC.~Contiaued. 

LONGMANS'  JUNIOR    SCHOOL   MENSURATION.      To  meet  the 

Requirements  of  the  Oxford  and  Cambiidge  Junior  I^ocal  Eiaminations,  Ibe  College 
of  Preceptors,  etc.  By  W.  S.  Beard,  F.R.G.S.,  Head  Master  of  Farebara  Modern 
School.    With  Answers  to  Exercises  and  Examination  Papers.     Crown  Svo.,  11. 

LUPTON.—h  PRACTICAL  TREATISE  ON  MINE  SURVEYING. 

By   AkNoLD  LUPTON,    Mining  Engineer,  Certificated  Coliieiy   Manager,   Sur 
Member  of  the  Institution  of  Civil  Engineers,  etc.    With  216  Illustrations.    Mi 


A^£55/7:— PRACTICAL  MENSURATION.     By  A.  Nesbit.     IHus- 
traled  by  700  Practical  Examples  and  700  Woodcuts,      ismo.,  31.  (td.      Ke 

5J//7!ff:— CIRCULAR    SLIDE    RULE.      By   G.   L.    Smith.      Fcp. 


ALGEBRA,  ETC. 

",*  For  cthtr  Books,  at  Longmans  b"  Co.' s  Catalogue  0/  Educalional  and  School  Books. 


CONSTABLE  and  J//ZZ5.— ELEMENTARY  ALGEBRA  UP  TO 

AND  INCLUDING  QUADRATIC  EQUATIONS.     By  W.  G.  t:oNSTAbiLE,  aSc 
EA.,  and  J.  Mill.s,  B.A.     Crown  Svo.,  is.     Wilb  Answers,  sj.  bd. 
Also  in  Three  Parts.      Crown  8to.,  cloth,  limp,  grf.  each.    Answers.     Three  Pans. 
Crown  8vo.,  paper  covers,  bd.  each. 

CRACKNELL.  —  ^Y.kQT\Qhl.     MATHEMATICS.       By    A.    G. 

CrackkeLL.   M.A..  B.Sc.,  Sixth  Wrangler,  etc.      With  Answers  to  Ibe  Examples. 
Crown  Eva,  31.  W. 

LONGMANS'  JUNIOR  SCHOOL  ALGEBRA.  By  William  S. 
Beard,  F.R.G.S.,  Head  Master  of  the  Modem  School,  Fareham.  Crown  8vo.,  11.  6rf. 
With  Answers,  as. 

SMITH.— WorV%  by  J.  HAMBLIN  SMITH,  M.A. 
ELEMENTARY   ALGEBRA.      New   Edition,  with  a  large  number 

of  Additional  Eiereises.     With  or  without  Answers.     Crown  Svo.,  ys.  6d.     Answers 
separately,  6d.     Kav,  Crown  8vo.,  9J. 

•„•  Thi  Original  EdUion  0/ Ikis  Book  is  still  on  Sale,  price  as.  6d. 
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CONIC  SECTIONS,  ETC. 
-A  TREATISE    ON    THE   ANALYTICAL  GEOMETRY 


SALMON.— P^  TREATISE  ON  CONIC  SECTIONS,  containing  an 

AccouDt  of  some  of  tbe  mosi  Important  Modem  Algebraic  and  Geometrie  Methods. 
By  G.  Salmon,  D.D..  F.R.S.      8™.,  lat. 

5J/"/7'jy;— GEOMETRICAL  CONIC  SECTIONS.     By  J.  Hamblin 
SMrra,  M.A.      Crown  8vo.,  31.  dd. 


THE  CALCULUS,   LOGARITHMS,   ETC. 

^^^.X"^'^.— GRAPHICAL  CALCULUS.  By  Arthur  H.  Barker, 
EA..  &5c.  Witb  an  InltoductioD  by  John  Goodman.  A.M.I.C.K  With  61 
Diagranu.  -  Crown  Bvo. ,  41.  61/. 

J«;ZZ(?J?.  — HIGHER    MATHEMATICS    FOR    STUDENTS    OF 

CHEMISTRY  AND  PHYSICS.  With  special  reference  to  Practical  Work.  By 
J.  W.  Mellob,  D.Sc,  Research  Fellow.  The  Owens  College,  Manchester,  With 
14a  Dia^rajns.     Svo, ,  I3J.  dd.  neL 

MURRAY.— y^Qi\i%   by    DANIEL   ALEXANDER    MURRAY.   Ph.D. 

AN   INTRODUCTORY   COURSE   IN   DIFFERENTIAL  EQUA- 
TIONS,    Crown  Bvo.,  41.  6rf. 

A    FIRST    COURSE    IN  THE   INFINITESIMAL    CALCULUS. 

Crown  Svo.,  71,  6rf. 

i^iJ^^.— AN    ELEMENTARY    TREATISE    ON    LOGARITHMS, 

EXPONENTIAL  AND  LOGARITHMIC  SERIBS,  UNDETERMINED  CO- 
T,.,^.^,^.,..^      ...^   .j.jjg    THEORY    OF    DETERMINANTS.      By  JAMKS  J. 


TA  yZO.ff.— Works  by  F.  GLANVILLE  TAYLOR. 

AN  INTRODUCTION  TO  THE  DIFFERENTIAL  AND  IN- 
TEGRAL CALCULUS  AND  DIFFERENTIAL  EQUATIONS.    Crown8TO.,9f. 

AN  INTRODUCTION  TO  THE  PRACTICAL  USE  OF  LOGA- 
RITHMS, WITH  EXAMPLES  IN  MENSURATION.  With  Answers  to 
Eiereijes.      Crown  8vo.,   u.  6rf. 

WILUAMSON.—Viorks  by  BENJAMIN  WILLIAMSON,  D.Sc. 

AN  ELEMENTARY  TREATISE  ON  THE  DIFFERENTIAL 
CALCULUS;  coaCainiag  the  Theory  of  Plane  Curves,  witb  numerous  Examples, 
Crown  8ro,,  \as.  6d. 

AN  ELEMENTARY  TREATISE  ON  THE  INTEGRAL  CALCU- 
LUS; containing  Applications  to  Plane  Curves  and  Surfaces,  and  also  a  Chapter  on 
tbe  Calculus  of  Variations,  with  numerous  Examples.    Crown  8va,  loi.  6i. 
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GEOMETRY  AND  EUCLID. 

,*  For  other  Works,  ste  Longmans  6*  Co.'s  Catalogue  of  EducaHonal  and  School  Books, 


^^*^£ZZ,— ELEMENTARY  GEOMETRY.  By  Frank  R.  Barrell, 
M.A.,  B.Sc.,  Pntfessor  of  Malbeioatjcs,  University  College,  Bristol, 

Section  I.     Parti.,  being  the  subject-matter  of  Euclid,  Book  I.     Crown  Bro.,  ii. 

Section  I.  Pan  II.,  containing  the  subjecl-matltr  of  Euclid,  Book  III.  1-34,  and  Book  IV, 
4-9.     Crown  Svo.,  ii. 

Section  L  complete.     Crown  Bva,  aj. 

Section  II.,  containing  the  remainder  of  Euclid,  Books  III.  and  IV. ,  together  with  the  subject- 
matter  of  Books  II.  and  VI.  With  explanation  of  Ratio  and  Proportion,  Trigono- 
metric Ratios  aitd  Measurement  of  Circles.    Crown  8vo.,  if.  6d. 

Sections  I,  and  II.  in  one  volume.     Crown  8vo.,  31.  6rf. 


■ntaining  the 

subject-matter  of  Euclid, 

race  of  the  cylinder,  cone, 

md  III.  comi 

)lele  in  one  volume.     Crc 

CASEY.— \YoiV%  by  JOHN  CASEY,  LL.D.,  F.R.S. 

THE  ELEMENTS  OF  EUCLID,  BOOKS  L-VI.  and  Propositions, 
I. -XXI.  of  Book  XL,  and  an  Appendix  of  the  Cylinder,  Sphere,  Cone,  etc  With 
Copious  Annotations  and  numerous  Eiercisea,  Fcp.  8vo.,  41.  6rf.  Kbi  10  Eierdses. 
Fcp.  8vo..  6s. 


ffAMIZTOJf.  — ELEMENTS  OF  QUATERNIONS.  By  the  late 
Sir  William  Rowan  Hauiltoh,  LL.D.,  M.R.I. A.  Edited  by  Charles  Jasper 
JOLV,  M.A.,  Fellow  of  TYinity  College.  Dublin,    a  vols.  4to.  au.  net  each. 

OF     APPARATUS     FOR     USE     IN     GEO- 


;.  LOW'S  IMPROVED  SET  SQUARES.     Dewgns  A  &  B     45°  I 


4.  LOWS  ADJUSTABLE  PROTRACTOR  SET  SQUARE. 
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GEOMETRY  AND  VMC\.\t>-ConHnu»d. 

ZCW'.— TEXT-BOOK  ON  PRACTICAL,  SOLID,  AND  DESCRIP- 
TIVE GEOMETRY.  By  David  ALLAN  Low,  Pnrfesior  of  Engineering,  East  London 
Technical  College.     Crown  Bvo, 

Part  I.     With  114  Figures,  21.  Part  II.     With  64  Figures,  y. 

THE  DIAGRAM  MEASURER.      An  Instrumem  for  measuring  the 

Areas  of  Irregular  Figures  and  specially  useful  for  determining  the  Mean  Effective 
Pressure  from  Indicator  DiagrBms  from  Steam,  Gas  and  other  Engines.  E)esigned  by 
D.  A.  Low.    With  Full  Instructions  for  Use.    u.  net, 

MORRIS  AND  JIUSBAJVJ?.— PRACTICAL   PLANE    AND   SOLID 

GEOMETRY.  By  I.  HAMMOND  MoHRis  and  Joseph  Husband.  Fully  Illustrated 
with  Drawings.     Crown  8vo.,  as.  dd. 

^0.<?Ve/5.— GEOMETRICAL    DRAWING  FOR   ART  STUDENTS. 

Embracing  Plane  Geometry  and  its  Applications,  the  Use  of  Scales,  and  the  Plans  and 
Elevations  of  Solids  as  required  in  Section  1.  oi  Science  Subjects.  By  I.  HahHOKD 
MOBRIS.     Crown  8vo.,  zi. 

^ilZ/rj^:— ELEMENTS   OF  GEOMETRY.      By  J.  Hamblin  Smith, 

M.A.  Containing  Bouks  i  to  6.  and  portions  of  Books  n  and  is,  of  Euclid,  with 
Exerases  and  Notes.     Cr,  Svo.,  51.  6d.      Kkv,  crown  8vo.,  is.  6d. 

Books  I  and  3,  limp  cloth,  is.  Sd.,  may  be  had  separately. 
SROONER.—TU.^  ELEMENTS  OF  GEOMETRICAL  DRAWING : 

an  Elementary  Text-book  on  Practical  Plane  Geometry,  inclading  an  Introduction  to 
Solid  Geometry,  Written  to  include  the  requirements  of  the  Syllabus  of  the  Board  of 
Edtication  in  Geometrical  Drawing  and  for  ihe  use  of  Students  preparing  for  the  Military 
EntratKe  Examinations.     By  Henbv  ].  Spooneh,  C.El.,  M.lost.M.E.    Cr,  Bvo.,  jj.  6rf. 

Jf7Z;50JV.— GEOMETRICAL  DRAWING.     For  the  use  of  Candidates 

for  Army  Examinations,  and  ^  an  Introduction  to  Mecbanical  Drawing.  By  W.  N. 
Wilson,  M.A,      Parts  I.  and  II.     Crown  Svo,,  4J.  &f.  eacb, 

ff/^r£v¥.— ELEMENTARY    GEOMETRICAL    DRAWING-       By 

S,  H.  WiNTEH,  Part  I,  Including  Practical  Plane  Geometry,  the  Construction  of  Scales, 
the  Use  of  tbe  Sector,  the  Marquois  Scales,  and  the  Protractor,  With  3  Plates  and 
1000  Exercises  and  Examination  Papers.     Post  Bvo,,  y. 

OPTICS,  PHOTOGRAPHY,  ETC. 
ABNEY.—A  TREATISE  ON  PHOTOGRAPHY.     By  Sir  William  de 

WIVELESUB  Abnev,  K.C.B,,  F.R.S,,  Principal  Assistant  Secretary  of  tbe  Secondary 
Department  o(  Ihe  Board  of  liducation.      With  134  lUostralions,      Fcp.  Bvo.,  51. 

DRUDE.~T^^  THEORY  OF  OPTICS.     By  Paul  Dbude,  Professor 

of  Physics  at  the  University  of  Giesseti.  Translated  from  the  German  by  C.  RiBOEG 
Mann  and  Robert  A,  MilliKAN,  Assistant  Professors  of  Phyacs  at  the  University  of 
Chicago,     With  110  Diagrams,     8vo,,  151,  net. 

GLAZEBROOK.—VYiX^lCA'L    OPTICS.       By    R.    T.    Glazebrook, 

M.A.,  F.R.S.,  Principal  of  University  College,  Liverpool.  With  183  Woodctits  of 
Apparatus,  etc,     Fcp.  Bvo.,  6j, 

VANDERPOEL.—CO\Xi9.   PROBLEMS:  a  Practical  Manual  for  the 

Lay  Smdent  of  Color.  By  EMILY  NoVES  Vandehpoeu  With  117  Plates  in  Color. 
Square  avo,,2iJ.  net. 

WRIGHT.— OYY\CAX.  PROJECTION  ;  a  Treatise  on  the  Use  of  the 

Lantern  in  Exhibition  and  Scientific  Demonstration.  By  Lewis  WriGHT,  AiObor  of 
'Ugbt:  a  Course  of  Experimental  Optics'.     With  333  Illustration*.     Crown  Bvo.,  61. 
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TRIGONOMETRY. 
CASEY.— A  TREATISE  ON  ELEMENTARY   TRIGONOMETRY. 

By  John  Casey,  LL.D.,  F.R.S,,  late  Fdlow  <rf  the  Royal  University  of  Ireland.  With 
nqmerous  Examples  and  Questions  for  Eiaraination.     lamo,,  y. 

GOOD JVIN.— PLANE  AND  SPHERICAL  TRIGONOMETRY.     By 

H.  B.  Goodwin,  M.A.  In  Three  Parts,  comprising  those  portions  of  the  aubjecis. 
theoretical  and  practical,  which  are  required  in  the  Final  Examination  for  Rank  of 
Lietitet^ant  at  Greenwich.     Svo. ,  81,  61/. 

/OJVES.  —  THE    BEGINNINGS    OF    TRIGONOMETRY.      By    A. 

Clement  Jones,  M.A.,  Ph.D.,  late  Open  Scholar  and  Senior  Hulme  Exhibitioner 
of  Brasenose  College,  Oiiford ;  Senior  Mathematical  Master  of  Bradford  Grammar 
School.      Crown  3vo.,  ai. 

il/^ya— ELEMENTARY  TRIGONOMETRY.     By  C.  H.  P.  Mavo, 

M..^,,  late  Scholar  of  Si.  Peter's  College,  Cambridge;  Assistant  Master  at  Harrow 
School.     With  Examples  and  Answers.     Crown  Svo.,  31,  6£ 


SOUND,  LIGHT,  HEAT,  AND  THERMODYNAMICS. 

DEX TEJ?.— ELEiAENTARW  PRACTICAL  SOUND,  LIGHT  AND 

HEAT,  By  JOSEPH  S.  Dextek,  B.Sc.  (Lond.),  Physics  Master,  Technical  Day 
School,  The  Polytechnic  Itistitule,  Regent  Street.  With  15a  Illustrations.  Crown 
8vo,,  21.  6d. 

EMTAGS.— LIGHT.     By 

InstiuctioD,  Mauritius.    With 


HELMHOLTZ.  —  QN    THE     SENSATIONS     OF     TONE     AS     A 

PHYSIOLOGICAL  BASIS  FOR  THE  THEORY  OF  MUSIC,  By  Hurmann 
VON  HELMHOLTi!,      iioyal  Bvo.,  zBj, 

Jtf-,^^ Jf^ZZ.— THEORY  OF  HEAT,     By  J.  Clerk  Maxwell,  M.A., 

F,R.SS.,  L.  and  E.    With  Corrections  and  Additions  by  Lord  Rai  LEIGH.    With  38 
Illustrations.    Fcp,  8vo. ,  4J,  M. 
/"Z^iYCA:— TREATISE  ON   THERMODYNAMICS.      By  Dr.  Max 

Planck,  Professor  of  Theoretical  Physics  m  the  University  of  Berlin.  Translated, 
with  the  Author's  sanction,  by  Alexander  Ogg,  M,A,,  aSc,  Ph-D.,  late  1851  Ex- 
hibition Scholar,  Aberdeen  University;  Assistant  Master,  Royal  Naval  Engineering 
College,  Devonport.     Svo. ,  yj.  6it  net. 

SMITH.— 1H.E  STUDY  OF  HEAT.     By  J.  Hamblin  Smith,  M,A,, 

of  Gonvilleand  Caius  College,  Cambridge.     Crown  Svo.,  y. 

TYNBALL.—'^ aiVs  by  JOHN  TYNDALL,  D.C.L,  F.R.S.     See  p.  36. 
WORMELL.—K    CLASS-BOOK    OF    THERMODYNAMICS.       By 

Richard  Worhell,  B.Sc.  ,  M,A.     Fcp.  3vo.,  ir.  61^, 

WRIGHT.— y^Qx\i.%  by  MARK  R.  WRIGHT,  M.A. 
SOUND,    LIGHT,    AND    HEAT.      With    160    Diagrams  and    Illus- 

tralions.    Crown  Bvo. ,  u.  W. 
ADVANCED  HEAT.     With   136  Diagrams  and  numerous  Examples 

and  Examination  Papers.    Crown  Svo.,  4J.  6ar, 
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ARCHITECTURE,  BUILDING  CONSTRUCTION,  ETC. 

ADVANCED   BUILDING   CONSTRUCTION.      By   the   Author    of 

'Rivinglons'  Notes  on  Building  Construction '.     With  385  Illualralions.       Crown  8vo., 
41.  6i. 

BENN.^STiVe,   IN   FURNITURE.      By   R.   Davis   Benn.      With 

10a  Plales  by  W.  C.  Baldock.     8vo.,  an.  nel. 

.ffOO.ffS.ff.  —  ELEMENTARY  PRACTICAL  BUILDING  CON- 
STRUCTION. Stage  I.  By  F.  W.  BOOKER.  With  737  Illustrations.  Crown  8vo.. 
a!,  «. 

5tW.ff.ffZZ. —  BUILDING     CONSTRUCTION.      By     Edward    J. 

Bt;ailELL,  Second  Master  of  tbe  People's  Palace  Technical  School,  London.     Wilb 
303  Working  Drawings.     Crown  Svo. ,  ai.  6d, 

GlV/LT.—Aii     ENCYCLOP.^DIA     OF     ARCHITECTURE.       By 

Joseph  Gwd.t,  F,S,A,     Revised  (iaB8),  with  Alterations  and  Considenble  Additions 
by  WyATT  Papwohth.     With  1700  Engravings.     Bvo.,  an.  net. 

HAMLIN.— K  TEXT-BOOK  OF  THE  HISTORY  OF  ARCHITEC- 
TURE.    By  A.  D.  F.  Hamlin,  A.M.     With  aag  Illustralions.     Crown  8vo.,  ^i.  Sd. 

PARKER  AND   UNW/N.—TYIY.  ART  OF  BUILDING  A  HOME  : 

A  Collection   of    Lectures  and    Illustralions.     By    Barhv    Parkhh   and   Raymond 
Unwin.     With  58  Full-page  Plates.     8vo.,  rat.  6rf.  nel. 

.ff/C.ff:4.ffZ)5.— BRICKLAYING  AND  BRICKCUTTING.     By  H.  W. 

Richards,  Examiner  in  Brickwork  and  Masonry  to  the  City  and  Guilds  (rf  London 

Institute,    Head  of    Building  Trades    Department,    Northern    Polytechnic   Inst' 

London,  N.     With  over  300  Illustrations.     Bvo.,  3j.  6rf, 


^£Z>Z)OA^.— BUILDER'S  WORK  AND  THE  BUILDING  TRADES. 

By  CoL  H.  C.  SaDDON,  R.E.     With  numerous  Illustrations.     Medium  Bvo.,  tfij, 

THOMAS.— TH^  VENTILATION.  HEATING  AND  MANAGE- 
MENT OF  CHURCHES  AND  PUBLIC  BUILDINGS.  By  J.  W.  THOMAS, 
F.I.C,  F.C.S.     With  as  Illustrations.     Crown  Bvo.,  21.  6rf. 

VALDMR. -^BOOK^  OF  TABLES,  giving  the  Cubic  Contents  of  from 

One  to  Thirty  Pieces  Deals,  Battens  and  Scantlings  of  tbe  Sites  usually  imported  or 
used  in  the  Building  Trades,  together  with  an  Appendii  showing  a  large  number  of 
siies,  the  Contents  of  which  may  be  found  by  referring  to  the  aforesaid  Tables.  By 
Thomas  Valder,    Oblong  4I0.,  61.  net. 

RmNCTOHS'  COUME  OF  BUILDING  CONSTRUCTIOII. 
NOTES  ON  BUILDING  CONSTRUCTION.     Medium  8vo. 
Part  I.      With  695  Illustrations,  lOJ.  6d.  net. 
Part  II.     With  496  Illustrations,  loi.  fid.  net. 
Part  III.     Materials.     With  188  Illustrations,  its.  net. 
Part    IV.     Calculations    for   Building    Structures.     With    SS'    Illustra- 
lions. ijj.  net. 
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STEAM,  OIL,  AND  GAS  ENGINES,  AND  MOTORS. 

BALE.-h  HAND-BOOK   FOR  STEAM  USERS;    being  Rules   for 

Eafcine  Drivers  and  Boiler  Alleodauu,  witb  Nous  on  Sleain  Engine  and  Boiler 
Manaeemeni  and  Sleam  Boiler  Explosions,  By  M.  Powis  Bals,  M.I.M.E.. 
A.M.I.C.E.     Fcp.  Bva,  ai.  W. 

CLERK.— 'Y^'S.    GAS    AND    OIL    ENGINE.     By    Dugald   Clerk. 

Memlier  of  the  Inslilulion  of  Civil  Eogineers.  Fellow  of  tbe  Cbemkal  Sociely,  Member 
of  ibe  Royal  Instilution,  Fellow  oT  the  tnstitule  of  Patenl  Agents.    'With  aaS  Illus- 
traliona.    8vo.,  ip. 
DIPLOCK.^K  NEW  SYSTEM  OF  HEAVY  GOODS  TRANSPORT 

ON  COMMON  ROADS.  By  Bramah  Joseph  Diplock.  With  a?  Illuslralions  and 
Diagiams.     Medium  Bvo.,  bs.  6d.  net. 

J^i£7r^f^.ff. —ENGLISH  AND  AMERICAN  STEAM  CARRIAGES 

AND  TRACTION  ENGINES.       By  Wjlliam  Fletcher,  M.Insi.Mech.E.     With 
950  Diustralions.     8vo.,  151.  net 
HOLMES.— TH'E.  STEAM   ENGINE.     By  George  C.  V.  Holmes, 

C.B.,  Chairman  of  tbe  Boanl  of  Works,  Dublin.   With  aia  Illustrations.  Kcp.  Zio.,  61. 

Zt?H^— THE  DIAGRAM  MEASURER.  An  Instrument  for  measur- 
ing the  Areas  ol  Irregular  Figures  and  specially  luelul  for  determining  the  Mean  Effective 
Ptessure  from  Indicator  Diagrams  from  Steam,  Gas  and  other  Engines.  Designed  by 
D.  A.  Low,  Professor  of  Engineering,  East  London  Technical  Coll^,  London.  With 
Full  Instructions  for  Use.    11.  net. 

NEILSON.-THV.  STEAM  TURBINE.  By  Robert  M.  Neilson, 
Associate  Member  of  the  lastilute  of  Mechanical  Engineers,  etc.  With  aS  Plates 
and  913  Illustrations  in  tbe  Teil.     8vo.,  loj.  6d.  net. 

NORHIS.—K  PRACTICAL  TREATISE  ON  THE  'OTTO'  CYCLE 
GAS  ENGINE.  By  WlLUAU  NOBKlB,  M.I.Mech.E.  Witb  307  Illnstralions.  8vo.. 
101.6.^. 

PARSONS.— %'V'KAU  BOILERS:  THEIR  THEORY  AND  DESIGN. 
By  H.  DE  B.  Parsoks.  B.S..  M.K,  Consulting  Engineer ;  Member  of  the  American 
Society  o(  Mechanical  Engineers,  American  Society  o(  Civil  Engineers,  etc  ;  Professor 
of  Steam  Engineering,  Rensselaer  Polytechnic  Institute.     With  170  Illustrations.     8vo.. 

RIPPER.— V^ot)!i%  by  WILLIAM  RIPPER,  Professor  of  Engineering  it. 
the  Technical  Department  of  University  College,  Sheffield. 
STEAM.     With  185  Illustrations.     Crown  8vo.,  2s.  6d. 
STEAM  ENGINE  THEORY  AND  PRACTICE.      With  441    Illus- 

SENNETT  AKD  ^i?^.^.— THE   MARINE  STEAM    ENGINE :    A 

T^natise  for  Engineering  Students,  Young  Engineers  and  Officers  of  the  Royal  Navy 
and  Mercantile  Marine.  By  the  late  Richard  Sennett,  Engineer- in-Chief  of  tbe 
Navy,  etc. ;  and  Henrv  J.  Oram,  Deputy  Engineer-in- Chief  at  tbe  Admiiahy, 
Engineer  Rear  Admiral  in  H.M.  Fleet,  etc.     Witb  414  Diagrams.     Bvo,,  an. 

57XC»jV£ KfiJf.—MARINE  BOILER  MANAGEMENT  AND  CON- 
STRUCTION. Being  a  Treatise  on  Boiler  Troubles  and  Repairs.  Corrosion, 
Fuels,  and  Heat,  on  Ibe  properties  of  Iron  and  Steel,  on  Boiler  Mechanics,  Work- 
shop Practices,  and  Boiler  DesigrL  By  C.  EL  Stromcvkr,  Chief  Engineer  of  the 
Manchester  Steam  Users'  Association,  Member  of  Council  of  the  Institution  of  Naval 
Architects,  etc.     With  459  Diagrams,  etc.     Bvo.,  laj.  net. 

WfflTE.-VKTKOl.  MOTORS  AND  MOTOR  CARS:  A  Hand- 
book for  Engineeis,  Designers  and  Draughtsmen.  By  T.  HVI.EK  White,  A.M.I, M.E. 
With  44  Illnstralions.    Crown  Bvo.,  41.  6d.  net. 
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ELECTRICITY  AND  MAGNETISM. 

ARRIlEmuS.—h  TEXT-BOOK  OF  ELECTROCHEMISTRY.  By 
SvANTB  Ahrhsnuis,  VtoSestot  ax  ihe  University  of  Slockholni.  Transited  from  tbe 
Gn-man  Bdilioo  hj  JOHK  McClAB,  Pb.'D.     Witb  56  [UostralioDi.      8vo. ,  91.  6d.  net. 

C^.^f/5-»f/Z50iV:— ELECTRO-DYNAMICS  1  the  Direct- Current 
Motor.  By  Chakles  Ashley  CAkus-WiLSON,  M.A.  Caulab.  Wilb  71  Diagrams, 
nod  a  Series  of  Problems,  witb  Answers.     Crown  8vo.,  7].  6d. 

CUMMIJVG.—KLKCTRlCirv  TREATED  EXPERIMENTALLV. 

Bjr  LiNNfus  CuMHiNC,  M.A.      Wilb  349  IllustraliODS,     Cr.  8vo,.  41.  6d. 

GOJfi:.~TnE   ART  OF   ELECTRO- METALLURGY,  including  all 

known  Processes  of  Eleclra-Depositiou.  By  G.  GORE,  LL.D.,  KR..S.  Witb  j6  tilus- 
[rations.     Fcp.  8vo.,  61. 

HENDERSOJf.—WoTk^  by  JOHN  HENDERSON,  D.Sc,  F.R.S.E. 
PRACTICAL    ELECTRICITY    AND    MAGNETISM.      With    157 

Illustrations  and  Diagrams.     Crown  Byo.,  71.  6d. 

PRELIMINARY      PRACTICAL      MAGNETISM      AND      ELEC- 
TRICITY,   Crown  Bvo.,  is. 
J^/£££Jir.— MAGNETISM  AND  ITS  ELEMENTARY  MEASURE- 
MENT.    By  W.  HiBBEBT,  F.I.C.  A.M.I,E.E.     With  55  Diagrams,     Crown  Bvo.,  21. 

/£A^^//V:  —  ELECTRICITY    AND    MAGNEilSM.      By    Fleeming 

JEHKIH.  F.R.S.,  M.I.C.E.     Wilb  177  lUiistraiions.     Fcp.  Bvo.,  y.  6d. 

/O U£EJ!T.— EUEMEHTARY  TREATISE  ON  ELECTRICITY  AND 

MAGNETISM.  By  G.  CabeV  Foster,  F.R.S.  ;  and  AlmilD  W.  Portee,  RSc 
Founded  on  Joubert's  '  TraitS  Elinientaire  d' Electricity ',  With  374  Illustrations 
and  Diagrams.     Bvo.,  loj.  6ii.  net. 

/£?yC£.— EXAMPLES    IN    ELECTRICAL    ENGINEERING.       By 

Samubl  Joycb.  A.I.E.E.    Crown  Bvo.,  jj. 
Z^j?Z>.£iV^.— ELECTRICITY      FOR      PUBLIC      SCHOOLS     AND 

COLLEGES.  By  W.  Larden,  M.A.  Wilb  115  II lustrations,  and  a  Series  of 
Examination  Queslions  ;  with  Answers.     Crown  Bvo.,  61. 

MERRIFIELD.  —  MAGNETISM     AND     DEVIATION    OF    THE 

COMPASS.     By  John  Merhifield,  LL.D.,  F.R.A.S.,  iBmo.,  sj,  6ii 

./'^.ff.ff.—PRACTICAL  ELECTRICAL  TESTING  IN  PHYSICS  AND 

ELECTRICAL  ENGINEERING.  By  G.  D.  Aspinall  Parb,  Assoc.  M.I.E,E. 
Witb  331  Illustrations.     Bvo.,  Bj.  &/. 

POYSER.—\^oiV.%  by  A.  W.  POYSER,  M.A. 
MAGNETISM     AND     ELECTRICITY.      With     235    lUustrations. 

Crown  Bvo. ,  at.  6^. 

ADVANCED    ELECTRICITY    AND    MAGNETISM.       With    317 

Illustrations.     Crown  Bvo.,  41.  ftd. 

RHODES.— Mi  ELEMENTARY  TREATISE  ON  ALTERNATING 

CURRENTS.  By  W.  G.  Rhodes,  M,Sc.  (Vict,),  Consulting  Engineer.  With 
Bo  Diagrams      Bvo.,  js.  6d.  net, 

SLINGO     AND     BRO0K£R.  —  VfoT\i%     by    W.     SLINGO     and     A. 
BROOKER. 
ELECTRICAL      ENGINEERING      FOR      ELECTRIC      LIGHT 

ARTISANS  AND  STUDENTS.      With  383  Illustrations.      Crovra  Bvo.,  laj. 

PROBLEMS    AND    SOLUTIONS    IN     ELEMENTARY     ELEC- 

■      TRICITY  AND  MAGNETISM.      Witb  98  Illuslrations.      Cr.  Bvo.,  aj. 

TYNDALL.~Vi orVs  by  JOHN  TYNDALI^  D.C.L.,  F.R.S.      See  p.  36, 
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TELEGRAPHY  AND  THE  TELEPHONE. 

ff0i'^/iV5 —TELEPHONE    LINES    AND    THEIR  PROPERTIES. 

By  William  J.  Hopkins,  Professor  of  Physics  in  the  Drexei  Institute,  Hiaadelphia. 
Crown  Svo. ,  6j. 

PREECE     AND     S/VEIVH/GZ/T.— TELEGRAPHY.       By    Sir    W. 

H.  Phkece.  K.C.B.,  F.R.S.,  V.P.Inst.,  C.E.,  etc.,  ConsuUing  Engineer  and 
Electrician,  Post  Office  TelegrRphs;  and  Sir  J.  Sivewright,  K.C.M.G.,  General 
Maoager,  South  Africao  Tel^raphs.     With  367  Illustralions.     Fcp.  8vo.,  6t. 

ENGINEERING,  STRENGTH  OF  MATERIALS,  ETC. 

AJVDERSOJV.—TUE  STRENGTH  OF  MATERIALS  AND  STRUC- 
TURES: the  Strength  of  MaleriaJs  as  depending  on  Ibeir  Quality  and  as  ascertained 
by  Testing  Apparatus.  By  Sir  J.  AndkKson,  CE..  LL.D.,  F.R,S.E.  Wilh  66  IUus. 
trations.     Fcp.  Bvo.,  31.  6d. 

BAXJfy.— RAILWAY   APPLIANCES:   a   Description  of  Details   of 

Bailsray  Construction  subsequent  to  the  completion  of  the  Earthworlts  and  Structures. 
By  Sir  John  Wolfe  Bahrv,  K.C.B.,  F.R.S..  M.I.C.E.  With  ai8  Illustrations. 
Fcp.  Svo..  41.  6d. 

DIPLOCK.—A  NEW  SYSTEM  OF  HEAVY  GOODS  TRANSPORT 
ON  COMMON  ROADS.     By  Bkahau  Joseph  Diplock.     With  a?  lUuatrations. 

8»o.,&F.  6i.  net. 

C(?Oi»jlM.A^— MECHANICS  APPLIED  TO  ENGINEERING.     By 

John  Gooduan,  Wh.Scb.,  M.I.C.E.,  M.I.M.E.,  Professor  of  Engineering  in  the 
Univerffily  of  Leeds.    With  714  Illuslralions  and  numerous  Examples.    Crown  Svo., 

GREGORY.~A   SHORT    INTRODUCTION    TO   THE   THEORY 

OF  ELECTROLYTIC    DISSOCIATION.      By   J.   C.    GREGORY,    B.Sc.   (Lond.} 

A.I.C.     Crown  Svo.,  ii.  6rf. 
LOW.— A    POCKET-BOOK    FOR    MECHANICAL   ENGINEERS. 

By  David  Allah  Low  (Whiiwortb  Scholar),  M.I.Mech.E.,  Professor  of  Engineering, 

East  London  Technical  College  (People's  F^lace),  London.   Witb  over  1000  specially 

prepared  Illustrations.    Fcp.  Svo. ,  gill  edges,  rounded  comers,  js.  61/. 
PARKINSON.  —  LIGHT      RAILWAY      CONSTRUCTION.         By 

Richard   Marion   Parkinson,  Assoc. M.IqslCE.      With   S5   IMagrains.      Svo., 

loi.  6^.  net. 
^JZ/r//".— GRAPHICS,  or  the  Art  of  Calculation   by  Drawing  Lines, 

applied  especially  to  Mechanical  Engineering  By  Robert  H.  SuiTh,  Professor  of 
Engineering,  Mason  College,  Birmingtiani.  Part  I,  With  separate  Atlas  of  39  Plates 
containing  97  Diagrams.     Svo..  15J. 

STONEY.—  \Yi^  THEORY  OF  STRESSES  IN  GIRDERS  AND 
SlMllAR  STRUCTURES  ;  with  Practical  Observations  on  the  Strength  and  other 
Properties  of  Materials.  By  BiNOOH  B.  Stonhy,  LL.D..  F.R.S.,  M.LC.E.  With 
S  Plates  and  143  Illust.  in  the  Text.     Royal  Svo.,  361. 

UNWIN.—TB-Y.  TESTING  OF  MATERIALS  OF  CONSTRUCTION. 

A  Text-book  for  the  Engineering  Laboislory  and  a  Collection  of  the  Results  of 
Experiment.  By  W.  Cawthoknb  Unwin,  F,R.S.,  RSo.  With  j  Plates  and  iBS 
llluslrations  and  Diagrams.     Svo.,  ids,  net. 

W'^.ffjt^A^.— ENGINEERING  CONSTRUCTION  IN  IRON,  STEEL, 

AND  TIMBER,  By  William  Hknhv  Warren.  Challis  Professor  of  Civil  and 
Mechanical  Engineering,  University  of  Sydney.  With  13  Folding  Plates  and  375 
Diagrams.     Royal  Svo.,  ifii.  net. 

WHEELER.  —  THE     SEA     COAST :     Destruction,     Uttoral    Drift, 

Protection.  By  W.  H.  Wheeler,  M.tnst.  C.G.  With  3S  Illustrations  and  Diagram. 
Medium  Svo.,  loi.  &/.  net. 
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LONGMANS*  CIVIL  ENGINEERING  SERIES. 
CIVIL     ENGINEERING    AS    APPLIED     TO    CONSTRUCTION. 

By   LavBSoM    FRANCIS  Vbrnon-Harcourt,  M.A,,  M.Inst.CE.      Wilh    36S    lUiis- 
iralions.     Medium  Bvo.,  net.  Z4>- 
CoKTENTS.— Mileiiili.  Pnliminur  Wcnin,  PoiindiiliaiiB  and  Riuils— Riilny  Bridge  and  Timnd 
ElI«ill«riDg— RivQ  and   Canal  Bnginnrmg— Irrlgallon   Workl— Dock   Wcnka   ud  ^aritimB   En- 
fineering— Saniiary  Eagiaeering. 

NOTES     ON     DOCKS    AND    DOCK    CONSTRUCTION.      By    C. 

CoLSON,  C.B.,  M.Iosl.C.E.   Wilb  365  illustrations.    Medium  8vo,,  au.  n« 
CALCULATIONS  IN   HYDRAULIC   ENGINEERING:   a   Practical 

Teit-Bonk  for  ibe  use  of  Students,  t>rBugbIsmeii  and  Engineers.      By  T.   ClaxtON 
FiDLEX,    M.Inst.CE. 

Part  I.  Fluid  Pressure  and  the  Calculation  of  its  Effects  in  Engineering 

Structures.     With  numerous  Illustns.  and  Examples.     Bvo.,  61.  6d.  nei. 

Part  II.  Calculations  in  Hydro- Kinetics.     With  numerous  Illustrations 
and  Examples.    Svo. ,  ji,  6d.  net. 

RAILWAY     CONSTRUCTION.       By     W.     H.     Mills,     M.I.C.E., 

Eiwineer-in-Cliief  of  the  Great  Nonttern  Railway  of  Ireland.     With  516  Illuslmtions 
and  Diagrams.     Bvo.,  181.  net. 

PRINCIPLES  AND  PRACTICE  OF  HARBOUR  CONSTRUCTION. 
By  William  Shield.  F.R.S.E.,  M.Inst.CE.    With  97  Illusi  rat  ions.     Medium  8vo., 


NAVAL  ARCHITECTURE. 

ATriVOOI>.—V/orVs    by    EDWARD    L.    ATTWOOD,  M.Inst.N.A., 

Member  of  the  Royal  Corps  of  Naval  Construction. 
WAR     SHIPS:     A     Tent-book     on     ihe    Construction,     Protection, 

Stability,  Turning,  etc.,  of  War  Vessels.       Wilb   numerous   Diagrams.      Medium 

TEXT-BOOK  OF  THEORETICAL  NAVAL  ARCHITECTURE: 

a.  Manual  For  Students  of  Science  Classes  and  Draughtsmen  Engaged  in  Shipbuilders' 
and  Naval  Architects'  Drawing  Offices.    With  114  Diagrams.     Crown  gvo.,  71.  6<J. 

BOZMS.  —  V^ACTICM.    SHIPBUILDING:    a    Treatise    on     the 

Siruc  urnl  DesiL'n  and  Building  of  Modern  Steel  Vessels,  Ibe  work  of  construction, 
from  the  making  of  the  raw  ninterial  to  the  equipped  vessel  including  subsequent 
upkeep  and  repair^.  By  A.  Campbell  Holms,  Member  of  the  Institution  of  Naval 
Architects,  etc.  In  a  vols.  (Vol.  I.,  Text,  medium  8vo. ;  Vol,  II.,  Diagrams  and 
Illustrations,  oblong  4to.),  481.  net. 

LOVETT.~K    COMPLETE    CLASS-BOOK    OF    NAVAL    ARCHI- 

TKCTURE,  TRACTECAL,  LAYING-OF,  THEORETKAI,.  By  W.  J.  Lovett. 
Willi  numerous  Ilhisimtions,  and  nearly  aco  worked  oui  answers  to  recent  Board  of 
Education  hsnmip^tion  Questions.     Bvo  ,  71.  6rf.  net. 

/F.^ T'^CJV:— NAVAL    ARCHITECTURE:     A    Manual   of  Uyingoff 

Iron,  Steel  and  Composite  Vessels.  By  Thomas  H.  Watson.  Lecturer  on  Naval 
Archileciure  :it  the  Durham  College  o(  Science,  Newcflslle.uponTyne.     With  ni"— -~" 
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WORKSHOP  APPLIANCES,  ETC. 

NORTHCOTT.—\.k'^YiY.%    AND    TURNING,    Simple,    Mechanical 
and  OrnamenlBl.  By  W.  H.  Nokthcott.    Wilh  338  lUustiatioai.  8vo.,  iSi. 

/•^Jf^.— MACHINE  TOOLS  AND  WORKSHOP  PRACTICE  FOR 

ENGINEERING    STUDENTS    AND    APPRENTICES,      By    Alfred    Parr, 
Instructor  in  Filling  and  Machine  Shop  and  Forge,  University  College,  Nottingham. 
With   an    Introduction    by    William    Robinson.    M.E.,    M.lnsi.C.E.       Wilh    46a 
Illustrations.    Svo..  101.6^. 
5-y££Z^K— WORKSHOP     APPLIANCES,     including     Descriptions 

of  some  of  Ihe  Gauging  and  Measuring  Instruments,  Hand-cutting  Ttiob  Lathes, 
Drilling.  Planeing,  and  other  Machine  Tools  used  by  Engineers,  By  C.  P.  B.  Shelley. 
M.I.C.E.  With  an  addilional  Chapter  on  Milling  by  R.  R.  Lister,  With  323  lllus- 
Irallons.     Fop.  Bvo.,  51. 

MACHINE  DRAWING  AND  DESIGN. 

Z)6Wjr£.ffZ£K— MECHANISM.        By    S.     DUNKERLEY,     M.Sc, 

Aesoc.M.InsLCE,,  M.lnsi.C.E.,  Professor  of  Applied  Mechanics  in  the  Royal  Naval 

LONGMANS'  LIST  OF  APPARATUS  FOR  USE  IN  GEOMETRY, 

ETC. 
1.  LONGMANS'  ENGLISH  AND  METRIC  RULER.     Marked  on  one  edge  in  Inches, 

Eighths,  Tenths  and  Five-fifths,      Marked  on  the  other  edge  in  Centimetres.     Price 

id.  net. 
».  LOW'S  IMPROVED  SET  SQUARES.     Designs  A  &  B.     45°  to  60°. 

A  I  45°  4"  1       (-B.45°4"*a=hi/-net.    I  A  i  60=  4"   1       (  B  i  60=  4"  each  ./■  net. 

A  a  45°  6"    lor^  B  a  4S°  6"     „     1/3,,         A  J  60°  6"    [or  J  B  a  60=  6"     ..     1/3.. 

A34S°6i")       lB345''84"„     2/-    ,.     |  A  3  60°  8i"  j       U  3  60°  84"  „     >/-    .. 

3.  LOW'S  IMPROVED  PROTRACTORS  (Celluloid).     Vroltactor  No.  a.      3"  radius, 

marked  in  degrees,  61^,  net.      Frolractor  No.'  3.      4"  radius,  marked  in  4-ilegrees,  ijd. 

4.  LOW'S  ADJUSTABLE  PROTRACTOR  SET  SQUARE.     31.  6rf.  net. 

5.  LONGMANS'  BLACKBOARD  ENGLISH  AND  METRIC  RULE.     One  Meirc; 

marked  in  decimetres,  centimetres,  inches,  half-incbes  and  quarler-inches.  ai,  f>d. 
'*  A  Detailed  and  Illustrated  Proipictus  will  be  seal  <m  application. 

LOiV.-\VoTi.s  by    DAVID  ALLAN    LOW,   Professor  of  Engineering, 
East  London  Technical  College  (People's  Palace). 
AN  INTRODUCTION  TO  MACHINE  DRAWING  AND  DESIGN. 

With  153  Illustrations  and  Diagrams.     Crown  8vo,,  ai,  6d. 

THE  DIAGRAM  MEASURER.      An  Instrument  for  measuring  the 

Areas  of  Irregular  Figures  and  specially  useful  for  determining  the  Mean  Elective 
Pressure  from  Indicator  Diagrams  from  Steam ,  Gas  and  other  Engines.  E>esigned  by 
D,  A.  Low.     Wilh  Full  Instructions  for  Use.     11.  net. 

LOIV  AND  BEV1S.—K  MANUAL  OF  MACHINE  DRAWING  AND 

DESIGN.  By  David  Allan  Low  and  Alfred  William  Bevis,  M.I.Mech.E. 
Wilh  700  Illustrations.     Bvo, ,  71.  bd. 

[/NlV/^.—THE    ELEMENTS    OF    MACHINE    DESIGN.       By    W. 
Cawthornb  Unwin,  f.r.s. 
Part  I.     General  Principles,   Fastenings,  and  Transmissive  Machinery. 

With  34S  Diagrams,  etc.    Fcp.  flvo.,  71.  6d, 
Part  II.      Chiefly  on  Engine  Details,      With  ^59  Illustrations,      Fcp. 
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MINERALOGY,  MINING,  METALLURGY,  ETC. 
BAUERMAN.—'VioTVs.  by  HILARY  BAUERMAN,  F.G.S. 

SYSTEMATIC    MINERALOGY.       With     373    Illustrations.       Fcp. 

DESCRIPTIVE    MINERALOGY.       With    136    Illustrations.      Fcp. 

BREARLEY  and   /BBOTSOJf. —THE   ANALYSIS    OF    STEEI.- 

WORKS  MATERIALS.  By  Hahkv  Bbeaslby  and  Frud  IbbotsOn,  B.Sc.  (Load. ), 
Demonstrator  of  Micrograpliic  Analysis.  University  College,  Sheffield.     With  83  Illos- 

GO^^.— THE  ART  OF  ELECTRO-METALLURGY.      By  G.  Gore, 

LL.D.,  F.R.S.     With  56  Illustrations.     Fcp,  Bvo.,  6i. 

.ffO^^OZi*.— ENGINEER'S  VALUING  ASSISTANT:  being  a  prac- 
tical Treatise  on  Ihe  Valuation  of  Collieries  and  Other  Mines,  etc.  By  H.  D.  HosKOld. 
With  an  Introducloiy  Note  by  the  late  Petek  Gkav.     Bvo.,  ji.  6d.  net. 

HUNTINGTON  AND  MCMILLAN. -UKYM^.  their  Properties  and 

Treatment,  By  A.  K,  Huntington,  Professor  of  Metallurgy  in  King's  College, 
London,  and  W.  G.  M'MiLLAN,  late  Lecturer  on  Metallurgy  in  Mason's  CoU^, 
BirminKhani.     With  laa  lUustralions,     Fcp.  Svo..  ji.  6<i. 

LUPTON.  —  V^orVs  by  ARNOLD  LUPTON,    M.I.C.E.,   F.G.S.,  etc. 
MINING.      An  Elementary  Treatise  on  the  Getting  of  Minerals.     With 

B  Geological  Map  of  the  British  Isles,  and  596  IXagrams  and  Illustralions.     Crown 

A    PRACTICAL   TREATISE    ON    MINE    SURVEYING.       With 

vW^C-F^^Z^A^^.  — LABORATORY      NOTES      ON      PRACTICAL 

METALLURGY:  being  a  Gradualed  Series  of  Exercises.  Arranged  by  WALTER 
MacfABi.Ane,  F,l.C.     Crown  8vo,,  u.  &/. 

^.ff£^ZJ.— METALLURGY.  By  E.  L.  Rhead,  Lecturer  on  Metal- 
lurgy at  the  Municipal  Technical  School,  Manchester.  With  94  Illustrations.  Fcp. 
Svo.,  31,  6d. 

RHEAD  AND    5£,\'rCA^— ASSAYING    AND    METALLURGICAL 

ANALYSIS  fortbeuseof  Students, ChemistsandAssayeis.  ByE.  L,  Rhead,  X.eclurer 
on  Metallurgy,  Municipal  School  of  Technology,  Manchester ;  and  A.  Humboldt 
Sexton,  F.LC,  F.C.S.,  Professor  of  Metallurgy,  Glasgow  and  West  of  Scotland 
Technical  College.     Svo.,  loi.  6^.  neu 

RUTLEY.—T-Q.E  STUDY  OF  ROCKS:  an  Elementary  Text-book  of 

Petrology,  By  F.  RtlTLEV,  F.G.S,  With  6  Plates  and  8S  other  Illustrations  Fcp. 
flvo.,  4J,  (A. 


ASTRONOMY,  NAVIGATION,  ETC. 

^.ff^OTT.  —  ELEMENTARY    THEORY    OF    THE    TIDES:     the 

the  Fundamental  Theorems  Demonstrated  without  Mathematics  and  the  Influence  on 
the  Length  of  the  Day  tHscussed.    By  T.  K.  ABBOTT,  B.D.,  Fellon  and  Tutor,  Trinity 
College,  Dublin.    Crown  Sva.zi. 
5.4/,/,.— Works  by  Sir  ROBERT  S.  BALL,  LL.D.,  F.RS. 

ELEMENTS  OF  ASTRONOMY.     With  130  Figures  and  Diagrams. 

Fcp.  Bvo. ,  bs.  bd. 

A    CLASS-BOOK    OF  ASTRONOMY.      VVith    41    Diagrams.      Fcp. 
Bvo.,  u.  6rf. 
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Scientific   Works  publiihtd  by  Lottgmaits,  Green,  &•  Co.  a  i 

ASTRONOMY.   NAVIOATION,   ETC-CoHtinuta. 

e/ZZ.— TEXT-BOOK  ON  NAVIGATION  AND  NAUTICAL  AS- 
TRONOMY. By  J.  Gill,  F.R.A.S.  New  Edition  Augmealed  and  Re-BiTanged  by 
W.  V.  MeRrIfield,  B.A.     Medium  Svo.,  lai.  6d.  Del. 

«5^5CZffiZ.— OUTLINES  OF  ASTRONOMY.     By  Sir  John  F,  W. 

Herscbel,  Ban.,  K.H.,  etc.    With  9  Plates  and  numerous  Diagrams,     flvo.,  laj. 

LAUGHTON.—Ki^    INTRODUCTION    TO     THE    PRACTICAL 

AND  THEORETICAL  STUDY  OF  NAUTICAL  SURVEYING.  By  JOHN  Knox 
LauqhtON,  M.A.,  F.R.A.S.     With  35  Diagrams.     Crown  Sva,  &. 

MARTIN.  —  NAVIGATION     AND     NAUTICAL     ASTRONOMY. 

Compiled  by  Staff  Commuider  W.  R.  Martin,  R.N.     Royal  8<a.,  181. 

MERRIFIELD.—A  TREATISE  ON  NAVIGATION.      For  the  Use 

of  Students.  By  J.  Mkrrifikld,  LL.D.,  F.R.A.S.,  F.M.S.  With  Charts  and 
Diagrams.     Crown  Bvo.,  51, 

PARKER.—KLYM'E.KV^  OF  ASTRONOMY,  With  Numerous  Ex- 
amples and  Examination  Papers.  By  Gborgr  W.  Parker,  M.A.  ,  of  Trinity  College, 
Dabliu.     Wilb  84  Diagrams.     8vo. ,  51.  6.^.  net. 

(^£5.5.— CELESTIAL  OBJECTS  FOR  COMMON  TELESCOPES. 

By  the  Rev.  T.  W.  Webb.  M.A.,  F.R.A.S.  Fiflb  Edition,  Revised  and  greatly 
Enlarged  by  the- Rev.  T.  E.  ESPIN,  M.A.,  F.R.A.S.  (Two  Volumes.)  Vol.  L,  with 
Portrait  and  a  Reminiscence  of  the  Autbor,  3  Plates,  and  numerous  Illustrations. 
Crown  8vo..  6s.    Vol.  II.,  with  numerous  lUuslralions.    Crown  Bvo..  61. 6d. 


WORKS  BY  RICHARD  A.  PROCTOR. 

THE  MOON  :   Her  Motions,  As|>ect,  Scenery,  and  Physical  Condition. 

With  many  Plates  and  Charts,  Wood  Engravings,  and  1  Lunar  Pbotc^rafdis.  Crown 
Bvo.,  31.  6d. 

OTHER   WORLDS  THAN   OURS:    the    Plurality  of  Worlds   Studied 

Under  the  Light  of  Recent  Scientific  Researches.     With  14  Illustrations ;  Map,  Charts, 
etc.    Crown  8vo. ,  31.  6d. 
OUR  PLACE  AMONG  INFINITIES:   a  Series  of  Essays  contrasting 

our  Little  Abode  in  Space  and  Time  with  tlie  Infinities  around  us.     Crown  8vo.,  y.dd. 

MYTHS  AND  MARVEI^  OF  ASTRONOMY.      Crown  8vo.,  ^s.-bd. 
LIGHT   SCIENCE   FOR    LEISURE    HOURS:    Familiar    Essays   on 

Scientific  Subjects,  Natural  Phenomena,  etc.      Crown  8vo.,  31.  6d. 
THE    ORBS    AROUND    US;    Essays    on    the    Moon     and     Planets, 

Meteors  and  Comets,  the  Sun  and  Coloured  Fairs  of  Suns.    Crown  8vo. ,  31.  bd. 
THE   EXPANSE    OF    HEAVEN:    Essays   on   the   Wonders   of   the 

Firmament.     Crown  8vo. ,  31.  dd. 

OTHER   SUNS    THAN    OURS:   a   Series   of    Essays   on   Suns— Old, 

Young,  and  Dead,  With  other  Science  Gleanings.  Two  Essays  on  Whist,  and  Cotre- 
spondence  with  Sir  John  Herschel.  With  9  Star-Maps  and  Diagrams.  Crown  Bvo., 
is.6d. 

HALF-HOURS   WITH  THE  TELESCOPE :   a  Popular  Guide  to  the 

Use  of  the  Telescope  as  a  means  of  Amusemenl  and  Instniction.    With  7  Plates.    Fcp. 

0\TtK. 
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WORKS  BY  RICHARD  A.  PROCTOR- Oni/i'nxA^. 

NEW    STAR    ATLAS    FOR   THE    LIBRARY,    the    School,    and    the 

Observatory,  in  Twelve  Circular  Maps  (with  Two  Index- Plates).     With  an  [ntroduction 
on  the  Study  of  the  Stars.      Illustrated  by  9  Diagrams.     Ci  own  Bvo. .  Si- 

THE  SOUTHERN  SKIES:  a  Plain  and  Easy  Guide  to  the  Con- 
stellations or  the  Southern  Hemisphere.  Showing  in  13  Maps  the  position  of  ihe 
principal  Star-Groups  night  after  niKht  throughout  the  year.  Wiih  an  Introduction 
and  a  separate  Explanation  of  each  Map.     True  for  every  Year.     ^to. ,  51. 

HALF-HOURS  WITH  THE  STARS:  a  Plain  and  Easy  Guide  to  the 

Knowledge  of  the  ConstelUtions.     Showing  in  la  Maps  the  position  of  the  principal 
Star-Groups  night  after  night  Ihroughoul  the  year.     With  Introduction  and  a  separate 
Explanation  of  each  Map.     True  for  every  Year.    410. ,  31.  net. 
LARGER    STAR    ATLAS    FOR    OBSERVERS    AND    STUDENTS. 

In  Twelve  Circular  Maps,  showing  60™  Stars,  1500  Double  Stars.  Nebulae,  etc      W-tb 
3  Indei- Plates.     Folio.  151. 
THE  STARS  IN  THEIR  SEASONS  :  an  Easy  Guide  to  a  Knowledge 

of  the  Star-Groups.      In  12  Large  Maps.     Imperial  8vo.,  jj. 

ROUGH    WAYS   MADE   SMOOTH.      Familiar   Essays   on    Scientific 

Subjects.      Crown  Bvo..  3s.  bd. 

PLEASANT  WAYS  IN  SCIENCE.     Crown  8vo.,  zs.  6d. 

NATURE  STUDIES.     By  R.  A.  Procior,  Grant  Allen,  A,  Wilson, 

T.  Foster,  and  E.  Clodd.     Crown  Bvo.,  31,  61/. 

LEISURE  READINGS.     By  R.   A.    ["roctor,  E,  Clodd,    A    Wilson, 

T.  Foster,  and  A,  C.  Ranyamd.     Crown  Bvo.,  31.  &t 


PHYSIOGRAPHY  AND  GEOLOGY. 

BJJfD.— Works  by  CHARLES  BIRD,  B.A. 

ELEMENTARY    GEOLOGY.      With  Geological  Map  of  the  British 

Isles,  and  347  Illustrations.     Crown  Bvo,,  zj.  Si. 

ADVANCED    GEOLOGY.      A    Manual    for    Students    in    Advanced 

Classes  and  for  General  Readers.     With  over  300  Illustrations,  a  Geological  Map  of 
the  British  Isles  (coloured),  ana  a  set  of  Questions  lor  Examination.     Crown  Bvo., 


AfOJiGAJV.— Works  by  ALEX.  MORGAN,  M.A.,  D.Sc,  F.R.S.E. 

ELEMENTARY  PHYSIOGRAPHY.     Treated  Experimentally.     With 
■        "■  "  -        aj.  6d. 

With  215   IllustiatLons.      Crown 

Bvo.,  4J.  w. 

.A'£^Z?.£.— THE  EVOLUTION  OF   EARTH   STRUCTURE  :    With 

a  Theory  of  Geomorphic  Changes.  By  T.  Mellahd  Reade,  F.G.S.,  F.R.LRA., 
A.M.I. C.E.,  etc.     With  41  Plates.     8vo.,  21J.  net. 

/dOGESS.— AN  INTRODUCTION  TO  THE  GEOLOGY  OF  CAPE 

COLONY,  By  A.  W.  Rogkrs,  M,A.,  F.G.S,,  Director  of  the  Geological  Survey 
of  Cape  Colony,  With  a  Chapter  on  the  Fossil  Reptiles  of  the  Karroo  Formation  by 
R.  Bboom,  M.  I),,  RSc,  C.M.Z.S.    Crown  Bvo.,  9J.  net. 
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scientific   Works  fubliihtd  by  Longmans^  Creen,  6*  Co.  aj 

PHYSIOGRAPHY  AND  CEOUiGW -CoHlinutd. 

THORNTON.^'NotVs  by  J.  THORNTON.  M.A. 
ELEMENTARY  PRACTICAL  PHYSIOGRAPHY. 

Part  I.     With  215  Illustrations.     Crown  8vo.,  2s.  6d. 

Part  II.     With  g8  Illustraiions,     Crown  8vo.,  2s.  6d. 
ELEMENTARY  PHYSIOGRAPHY:   an  Introduction  to  the  Study 

of  Nalure.     With  13  Ma|>$  and  995  Uluslradons.     With  Appendix  an  Aslronomtcsa 
Instrumrails  and  Meastirements.     Crown  8vo..  is,  6d. 

ADVANCED  PHYSIOGRAPHY.     With  1 1  Maps  and  255  Illustrations. 
Crown  SvCL,  4J.  6if. 


NATURAL  HISTORY  AND  GENERAL  SCIENCE. 

FCTJiJVEA UX.— Works  by  WILLIAM  FURNEAUX,  F.R.G.S. 

THE  OUTDOOR  WORLD ;  or,  The  Young  Collector's    Handbook, 

Witb  iB  Plates,  16  ol  which  are  coloured,  and  549  Illustrations  in  the  Text.     Crown 

.  IFE    IN    PONDS    AND    STREAMS.      With   8   Coloured    Plates 

and  331  Illustrations  in  the  Text.     Crown  Bvo.,  61.  net. 

BUTTERFLIES  AND  MOTHS  (British).     With  la  Coloured  Plates 

and  941  lllustratioos  in  the  Text.     Crown  Svo.,  61.  net, 

THE  SEA  SHORE.  With  8  Coloured  Plates  and  300  lUustrations  in 
the  Text    Crown  8vo.,  6s.  net. 

B UnSON.— "NorVs  by  W.  H.  HUDSON,  C.M.Z.S. 

BRITISH  BIRDS.     With  8  Coloured  Plates  from  Original  Drawings 

by  A.  ThOrburn,  and  8  Plates  and  too  Fit^ures  by  C.  E.  Loi>GK,  and  3  Illustrations 
froiD  Photographs.    Ctowti  8vo.,  Ss.  net. 

BIRDS  AND  MAN.     Large  Crown  8vo.,  6s.  net. 
iWZZW/5'.— Works  by  JOHN  GUILLE  MILLAIS,  F.Z.S. 

THE  NATURAL  HISTORY  OF  THE  BRITISH  SURFACE- 
FEEDING  DUCKS.  With  6  Photogravurea  and  6S  Plates  (41  in  coloursj  from 
Drawings  by  tbe  Author,  Archibald  ThORbUrN,  and  from  Photographs.  Royal 
4I0.,  £,6  6s.  net. 

THE    MAMMALS   OF    GREAT  BRITAIN   AND    IRELAND.      3 

voK     Quaito  (13  In.  by  la  in.),  cloth,  gilt  edges. 
Volume  I.  With  18  Photogravures  by  the  Author  ;  31  Coloured  Plates  by  tbe  Author, 
Archibald  THORBt;i(Nand  G.  K,  Lodge  ;  and  63  Uncoloured  Plates  by  the  Author 
and  from  Photographs.     £fi  6s.  net. 

*,*  Only  1,095  '"pies  prinlerl  fur  England  and  America. 

NANSEJV.—TH^  NORWEGIAN  NORTH  POLAR  EXPEDITION, 

1893-1896  ;  Scientific  Results.    Edited  by  Frh)tjof  Nanben. 
Volume  I.     With  44  Plates  and  numerous  Illustrations  In  the  Text.     Demy  4to.,  40J.  net. 
Volume  II.     With  a  Charts  and  17  Plates.     Demy  4to.,  301.  net. 
Volume  III.     With  33  Plates.     Demy  410.,  32).  net. 
Volume  IV.     With  33  Plates.     Demy  4I0. ,  31s.  net. 

STANLEY.— A  FAMILIAR  HISTORY  OF  BIRDS.     By  E.  Stanley, 

Stanlbt.D.D..  formerly  Bishop  of  Norwich.    With  160  lllustratioiis.    Or.  8»o.,  ji.  W. 
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MANUFACTURES,  TECHNOLOGY,  ETC. 

^A^Z£K— BRITISH   INDUSTRIES:   A  Series  of  General  Reviews 

for  Busmes  Men  and  StudenU.  Edhed  by  W.  J.  Ashlet,  M.A.,  Professor  of  Com- 
mene  ia  tbe  Umversity  of  Birmingbani.    Crown  Svo.,  51.  6if.  net 

^£ZZ.— JACQUARD  WEAVING   AND  DESIGNING.      By  F.  T. 
Bbu.    Wiih  199  Diagrams.    Bvo.,  isf.  net. 

.ffJ(7W.A'.— LABORATORY  STUDIES  FOR  BREWING  STUDENTS: 

a  Systemalic  Course  of  Practical  Work  in  the  Scientific  Principles  underlying  the  Processes 
of  Mailing  and  Brewing.  By  Adrian  J.  Beown,  M.Sc.,  Director  of  the  School  of 
Brewing,  and  Professor  of  the  Biology  and  Chemistry  of  Fermentation  in  the  University 
of  Birmingham,  etc     With  36  ItIuslr»tions.     8va.,  71.  bd.  net 

CROSS  AND  SEVAN.— yiot\5  by  C.  F.  CROSS  and  E.  J.  BEVAN. 

CELLULOSE  :  an  Outline  of  the  Cliemistry  of  the  Structural  Elements 

of  Plants.    With  lefcreiux  to  their  Nalural  Hisloiy  and  Industrial  Uses.    (C.  F. 
CBOSa,  E.  J.  Bevan  and  C.  Bkaolk.)    With  14  Plates.    Crown  8»o.,  \as.  net 

RESEARCHES  ON  CELLULOSE,  1895-1900.     Crown  8vo.,  6j.  net. 
JACKSON.— A    TEXT-BOOK    ON    CERAMIC    CALCULATIONS 

with  Examples.  By  W.  Jackson  A.R.C.S,,  Lecturer  in  Pottery  and  Pcn^lain  Manu- 
facture for  ibe  Staftbrdshire  Education  Commillee  and  Ibe  Hanley  Education  Committee. 
Crown  8vo.>  y.  6d.  net. 


MORRIS  AKD    iVILKJNSON.—TnE.    ELEMENTS   OF  COTTON 

SPINNING.     By  John  Mohhis  and  F,  WiL 
DOBSON,  C.&.,  M.I.M.E.    With  169  Diagiams 


^/C/M-ffZ)5.— BRICKLAYING  AND  BRICK-CUTTING.     By  H.  W. 

Richards,  Eominer  in  Brickwork  and  Masonry  lo  the  Cily  and  Guilds  of  London 
Institute,  Head  ol  Building  Trades  Department,  Nonhern  Polytechnic  Institute, 
London,  N.     With  over  im  Illustrations.     Med.  Bvo.,  y.  6d. 


WATTS.— Mi  INTRODUCTORY  MANUAL  FOR  SUGAR  GROW- 
ERS.   By  Fkancis  Watts,  F.C.S.,  F.I.C.    With  30  Illusiraiions.    Crown  Bvo..  61. 
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HEALTH  AND  HYGIENE. 


BUCKTON.  —  HEALTH     IN    THE     HOUSE.      By    Mrs.    C. 

BUCKTON.     With  41  Woodculs  and  DiaRranu.     Crown  Bvo.,  at. 


HYGIENE.     With  95  Illustrations.     Crown  8vo.,  3*.  bd. 


FOORE.--yioi)LS  by  GEORGE  VIVIAN  POORE,  M.D. 

With  12  Illustrations.      Crown 

THE  DWELLING-HOUSE.     With   36   Illustrations.     &owii   8vo., 

3<.  6rf. 

COLONIAL  AND  CAMP  SANITATION.      With    ri    Illustrations. 

Crown  Svo.,  as.  net. 
THE  EARTH  IN  RELATION  TO  THE  PRESERVATION  AND 

DESTRUCTION  OF  CONTAGIA:  bring  the  Milroy  Lectures  deUvercd  ai  the 
ROTal  Collf^  of  Physicians  in  1899,  together  with  other  Papers  on  Sanitaticm. 
With  13  lUiutialians.     Croim  Svo.,  51. 
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(And  see  PHYSIOLOGY,  etc.,  page  3».) 
ASHBY  AND  WRIGHT. —1^%  DISEASES  OF  CHILDREN, 
MEDICAL  AND  SURGICAL.  By  Hamv  ASHBV.  M.D.,  Lond..  F,R.C.P., 
Phnidiui  lo  Ihe  Genera]  Hospilal  for  Sick  Children,  Manehestfr ;  and  G.  A.  WaiGHT, 
EA.,  M.B.  Oioq.,  F.R.C.S.,  Eog.,  Amisunt-Surgeon  to  the  Mancbeslar  Rofal  In- 
firmary, and  Sureeoo  to  tbe  ChUdren's  Hospital.  Enlarged  and  Imi»x>Ted  Edition. 
With  193  IQustratunu.    8*0.,  351. 

BAIN.~K  TEXT-BOOK  OF  MEDICAL  PRACTICE.      By  Various 

Contribulors.  Edited  l^  Wiluah  Baih,  M.D..  M.R.C.P.  With  75  Illuslrations. 
Royal  6vo. ,  251.  net. 

BENNETT.  — ^oiU  by  Sir  WILLIAM  BENNETT,  K.C.V.O., 
F.R.CS.,  Surgeon  to  St.  George's  Hospital;  Member  of  the  Board 
of  Examiners,  Royal  College  of  Surgeons  of  England. 

CLINICAL     LECTURES    ON     VARICOSE    VEINS    OF    THE 
LOWER  EXTREMITIES.    With  3  Plates.    Bvo.,  fa. 

ON  VARICOCELE  ;  A  PRACTICAL  TREATISE.     With  4  Tables 
and  a  Diagram.    8va.,  51. 

CLINICAL    LECTURES    ON    ABDOMINAL    HERNIA:    chiefly 
in  relation  to  Trealmenl.  including  Ihe  Radical  Cure.    With  la  EHagrams  in  the 

ON  VARIX,  ITS  CAUSES  AND  TREATMENT,  WITH  ESPECIAL 
REFERENCE  TO  THROMBOSIS.    8vo.,  31.  W. 

THE      PRESENT     POSITION     OF     THE     TREATMENT     OF 

SIMPLE  FRACTURES  OF  THE  LIMBS,    Bva,  ai.  6d. 
LECTURES  ON  THE  USE  OF  MASSAGE  AND  EARLY  PASSIVE 

MOVEMENTS  IN  RECENT  FRACTURES  AND  OTHER  COMMON 
SURGICAL  INJURIES:  The  Treatment  of  Internal  Derangements  o(  the  Knee 
Joint  and  Management  of  Stiff  Joints.     With  17  Illusliatjons.     Svo.,  6j. 

CABOT.— \  GUIDE   TO  THE  CLINICAL   EXAMINATION   OF 

THE  BLOOD  FOR  DIAGNOSTIC  PURPOSES.  By  Richard  C.  Cabot,  M.D.. 
Physician  to  Out-patients.  Maxsacbusetts  General  Hospital.  With  3  Colooied  Plates 
and  aS  Illustrations  in  the  Teit.     Svo.,  161. 

CARR,  PICK,  DORAN,  and  £>  UNCAN.—TYIE  PRACTITIONER'S 
GUIDE  By  J.  Waltkh  Cars,  M.D.  (Lond.),  F.R.C.P. ;  T.  Pickheing  Pick, 
F.R.C.S.  ;  Alban  H.  G.  Dorah,  F.R.CS.  ;  Andrew  Duncan,  M.D,,  B.Sc.  (Lond.), 
F.R.C.S.,  M.R,C,P,      8vo.,  311.  neL 

COATS.— A    MANUAL    OF    PATHOLOGV.     By    Joseph    Coats, 

M.D.,  late  Profeisor  of  Pathology  in  tbe  University  of  Glasgow.  Fifth  Edition. 
Revised  ihrougboui  and  Edited  %  Lewis  R.  Sutherland.  M.D.,  Profcssor  ti 
Palbotogy,    University   of  St.    Andrews.        With  739   Illustralions  and  a    Coloured 
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CHEYNE  ASD  BURGHARD.—K  MANUAL  OF  SURGICAL 
TREATMENT.  By  W.  Watson  Chrynr,  ca,  M.a,  F.R.C.S.,  F.R&,  Professor 
of  Clinicnl  Surgery  m  King's  CoUege,  London,  Surgeon  lo  King's  College  Hospital, 
etc  ;  and  F.  F.  Buhghard,  M.D.  and  M.S,  (Londr),  F.R.C.S.,  Teacher  of  Practical 
Surgery  in  King's  College,  I^ndon,  Surgeon  to  Kii^s  College  flospital  (Lond.),  etc. 

Part  L     The  Treatment  of  General    Surgical   Diseases,   including    In- 

Inflammatim,  Suppuration,  Ulceration,  Ga.ngrene,  Wounds  and  Ihcir  Complications, 
Infective  Diseases  and  Tumours  ;  the  Admin istralion  ol  AnEcMhelics.  Wilh  66  lUus- 
iralions.    Rojal  Svo. ,  loj.  6if. 

Part  II.     The  Treatment   of  the    Surgical  Aifections    of  the   Tissues, 

including  the  Skin  and  Subcutaneous  Tissues,  the  Nails,  the  Ljtapbatic  Vessels 
and  Glands,  the  Fasciae,  Butsie,  Muscles,  Tendons  and  Tendon- sheaths,  Nerves, 
Arteries  aitd  Veiiks.     Deformilics.     With  141  Itlustialions.     Royal  Svo.,  141, 


Part  IV.     The  Treatment  of  the  Surgical  Aifections  of  the  Joints  (in- 
cluding Excisions)  and  the  Spine.      With  138  lUnstralioos.      Royal  Svo.,  14J. 

Part  V.     The  Treatment  of  the  Surgical  Affections  of  the  Head,  Face, 

Jaws,  Lips,  Lamyi  and  Trachea;  and  the  Intrinsic  Diseases  of  the  Nose,  Ear  and 
Latyoi,  by  H,  Lahbbrt  Lack,  M.D.  (Lend.),  F.R.C.S..  Surgeon  to  the  Hospital 
for  Diseases  of  the  Throat,  Golden  Square,  and  lo  Ihe  Throat  and  Ear  Depanmenl, 
The  Children's  Hospital,  Padtlington  Green.  With  145  Illoslrations.  Royal  8»o., 
iSj. 

Part  VI.     Section  I.     The  Treatment  of  the  Surgical  Affections  of  Ihe 

Tongue  and  Floor  of  the  Mouth,  the  Pharynx,  Neck,  (Esophagus,  Stomach  and 
Intestines.     With  134  Illustrations.     Royal  Svo.,  i&r. 

Section  II.     The  Treatment  of  the  Sui^cal  Affections  of  the 

Rectum,  Liver,  Spleen,  Pancreas,  Throat,  Breast  and  Genito-urinaty  Organs.  With 
113  Illustrations.     Royal  Svo.,  au. 

COOKE.— ^m\.%  by  THOMAS  COOKE.  F.R.C.S.  Eng.,  B.A.,  B.Sc, 
M.D.,  Paris. 
TABLETS    OF    ANATOMY.     Being  a  Synopsis  of   Demonstrations 

■      Westminster   Hospital   Medical   -  -      -      —  .     -  -.  .  ~ 

ghly  brought  up  to  date,  and  wii 
British  and  Foreign.     Post  4to. 

Part  I.     The  Bones.     7^.  6rf.  net. 
Part  II.     Limbs,  Abdomen,  Pelvis.     lof.  6^  net 
Part  III.     Head  and  Neck,  Thorax,  Brain,     loj.  6./.  net. 
APHORISMS     IN    APPLIED    ANATOMY    AND     OPERATIVE 

SURGERY.  iDcluding  loo  Typical  viui  voce  Qoeslions  On  Surface  Mailing,  etc. 
Crown  Svo.,  31.  61I, 

/^.^AViV.— A  HANDBOOK  OF  MIDWIFERY.    By  William  Radford 

Dakin,  M.D.,  F.R.C.P.,  Obstetric  Physicianand  Lecturer  on  Midwifery  at  St,  George's 
Hosi^tal,  etc      With  394  Illustrations.      Laigecrown  fivo.,  iBi. 
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DICKINSON.— WoAs  by  W.  HOWSHIP  DICKINSON,  M.D.  CanUb., 
F.R.C.P. 
ON    RENAL   AND    URINARY   AFFECTIONS.      With    la    Plates 

and  laa  Woodcuis.     Three  Parts.     8vo.,  £3  41.  6rf. 

THE    TONGUE    AS    AN    INDICATION    OF    DISEASE:   being 

Ihe  Limileian  Lectures  delivered  March,  1B88.     Svo,,  71.  6d. 

OCCASIONAL  PAPERS  ON  MEDICAL  SUBJECTS,  1855-1896. 
avo..  laj. 

EXICffSEN— THE  SCIENCE  AND  ART  OF  SURGERY ;  a  Treatise 

on  Suigical  Injuries,  Diseases,  and  Operations.  By  Sir  John  Eric  Ekichsen,  Bart., 
F.R.S.,  LL.D,  Edin.,  Hon.  M.Ch.  and  F. R.C. S.  Ireland.  Illustrated  by  nearly  looo. 
Engravings  oti  Wood,     a  vols.     Royal  8vo.,48j. 

FOWLER  AND  GODLEE.—TYIE  DISEASES  OF  THE  LUNGS. 
By  James  Kingston  Fowlhh,  M.A.,  M.D.,  F.R.C.P.,  Physician  to  the  Middlesex 
Hospital  and  to  the  Hospital  tor  Consumption  and  Diseases  of  the  Chesl,  Brompion, 
etc  :  and  RiCkman  John  Godlee,  Honorary  Surgeon  in  Ordinary  to  His  Majesty, 
M.S.,F.R.C.S.,  Fellow  and  Professor  of  Clinical  Surgery,  University  College,  London, 
etc.    Wilb  160  Illustrations.    Svo.,  aji. 

GARROD.—^NQTVs  by  Sir  ALFRED  BARING  GARROD,  M.D., 
F.R.S.,  etc. 

A  TREATISE  ON  GOUT  AND  RHEUMATIC  GOUT  (RHEU- 
MATOID ARTHRITIS).  Wiih  6  Plates,  comprising  3i  Figures  {14  Coloured),  and 
37  Illustrations  engraved  on  Wood.     Svo.,  aii. 

THE  ESSENTIALS  OF  MATERIA  MEDICA  AND  THERA- 
PEUTICS.   Crown  Svo.,  lat.  6rf. 

GOA£>£ y.—THE  MYCOLOGY  OF  THE    MOUTH:   a  Text-Book 

of  Oral  Bacteria.  By  Kenneth  W.  Goadbv,  L.D.S.  (Eng.).  D.P.H.  (Camb,), 
L.R.C.P.,  M.R.C.S.,  Bacteriologist  and  Lecturer  on  Bacteriology,  National  Dental 
Hospital,  etc.     With  8a  Illustrations.      8vo.,  Ss.  6d.  net. 

GOOnSALL    AND    J/7Z£5.— DISEASES    OF    'I'HE    ANUS    AND 

RECTUM.  By  D.  H.  Goodsall,  K.R.C.S.,  Senior  Surgeon,  Metropolitan  Hospital; 
Senior  Surgeon,  St.  Mark's  Hospital;  and  W.  Ernest  Miles,  F. R.C.S. .  Assistant 
Surgeon  to  the  Cancer  Hospital,  Surgeon  (out-pal ienls),  to  the  Gordon  Hospital,  etc. 
(In  Two  Parts.)    Parti.    With  91  Illu.<.trations.    Svo.,  7J.  &;.  net. 

GR-4y.  — ANATOMY,     DESCRIPTIVE     AND     SURGICAL.      By 

Henry  Gray,  F.R.S.,  laie  Lecturer  on  Anatomy  at  St.  George's  Hospital  Medical 
School.  The  Fifleenlh  Edition  Enlarged,  edited  by  T.  Pickering  Pick,  F.R.C.S., 
Consulting  Surgeon  to  Si.  George's  Hospital,  etc.,  and  by  Robert  Howden,  M.A., 
M.B.,  CM.,  Sofessor  of  Anatomy  in  the  University  ol  Durham,  etc.  With  773 
Illustrations,  a  large  proportion  of  which  arc  Coloured,  the  Arteries  being  coionred 
red,  the  Vans  blue,  and  tbe  Nerves  yellow.  The  attachments  of  the  muscles  to  the 
bones,  in  the  section  on  Osteology,  are  also  shown  in  coloured  outline.      Ro}^I  8vo., 
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ffALZ/BUJlTOAr.— Works  by  W.  D.  HALLIBURTON,  M.D.,  F.R.S., 
Professor  of  Physiology  in  King's  College,  London. 
A  TEXT-BOOK   OF  CHEMICAL  PHYSIOLOGY  AND  PATHO- 
LOGY.    With  104  Illusirallons.     Svo.,  aBi, 

ESSENTIALS  OF  CHEMICAL  PHYSIOLOGY.      With  83  Illustra- 

lions.    Svo.,  41.  6</,  net. 

HARE.  —  ^     COMMON     HUMORAL     FACTOR     OF    DISEASE. 

Being  a  Deductive  Investigation  inlo  the  Primary  Causation,  Meaning,  Mechanism  and 
Rational  Treatment,  Preventive  and  Curative,  of  the  Paroxysmal  Neurose  (Migrains, 
Asthma,  Epilepsy,  etc.),  Gout,  High-blood  Pressure,  Circulatory,  Renal  and  other 
Degenerations.  By  Francis  Everard  Kare,  M.D.,  late  Consulting  Physician  to 
the  Brisbane  General  Hospital^  Visiting  Physician  to  the  Diamantina  Hospital  for 
CTironic  Diseases,  Brisbane. 
fflLLIER.—Tn^  PREVENTION  OF  CONSUMPTION.    By  Alfred 

HiLLiEH,  B.A.,  M.D.,  Secretary  lo  the  National  Association  for  the  Prevention  of  Con- 
sumption (England),  Visiting  Physician  to  the  London  Open-Air  Sanalorium.  Revised 
by  Professor  R.  KoCH.     With  14  tltuslrolions.     Crown  Svo.,  51.  net. 

L^NG.— THE    METHODICAL  EXAMINATION    OF    THE    EYE. 

Being  Pan  I.  of  a  Gaide  to  the  Practice  of  Ophthalmology  for  Students  and  Practi- 
tioners. By  William  Lang.  F.R.C.S.  Eng. ,  Surgeon  to  the  Royal  London  Ophthalmic 
Hospital,  Moorfields,  etc.  With  15  Illustrations.  Crown  Svo.,  31.  6d. 
Zi/^^— TEXT-BOOK  OF  FORENSIC  MEDICINE  AND  TOXI- 
COLOGY. By  Ahthur  p.  Luff,  M.D.,  B.Sc.  (Lond.),  Physician  in  Charge  of  Out- 
patients and  Lecturer  on  Medical  Jurisprudence  and  Toxicology  in  St,  Mary's  HospitaL 
With  13  full-page  Plates  [i  in  colours)  and  33  Illustrations  in  the  Text,    a  vols.    Crown. 

PAGET.— RAittA  by  STEPHEN  PAGET. 

SELECTED  ESSAYS  AND  ADDRESSES.     By  Sir  JAMES  PAGET. 

S*o.,  lai.  6d.  net. 
MEMOIRS   AND   LETTERS    OF    SIR   JAMES   PAGET,   Bart.,- 

F.R.S.,D.C.L.,  lata  Sergeant-Surgeon  to  Her  Majesty  Queen  Victoria.   With  Portrait. 
Svo.,  &.  net. 
PJIIZL /PS.  — MATERIA    MEDICA,    PHARMACOLOGY     AND 
THERAPEUTICS:   Inorganic  Substances.      By  Charles  D.  F.  Phillips,  M.D., 
LL.D.,  F.R.S.  Edin.,  late  Lecturer  on  Materia  Medica  and  Therapeutics  at  the  West- 
minster Hospital  MedicalSchool;  late  Examinerin  the  Univerailyof  Edinburgh.  8vo.,2ii. 

POOL£.— COOKERY  FOR  THE  DIABETIC.  By  W.  H.  and 
Mrs.  P0OL«.    With  Preface  by  Dr.  Paw.    Fcap.  Svo.,  3J.  6d. 

PROBYN-WILLIAMS.—A  PRACTICAL  GUIDE  TO  THE  AD- 
MINISTRATION OF  ANESTHETICS.  By  R.  J.  Probtn-WiLLIAMS,  M.D., 
AnEesthelist  and  Instructor  in  Anaesthetics  at  the  London  Hospital ;  Lecliu'er  in 
Angestbetics  at  the  London  Hospital  Medical  College,  etc.  With  34  Illustrationa. 
Crown  Svo.,  41.  bd.  net. 

gtZ-^/W.— QUAIN'S  {Sir  Richard)  DICTIONARY  OF  MEDICINE. 
By  Various  Writers.  Third  Edition.  Edited  by  H.  Montague  Mueeay,  M.D., 
F.R.C.P.,  Joint  Lecturer  on  Medicine,  Charing  Cross  Medical  School,  and  Physician, 
Charing  Cross  Hospital;  assisted  by  John  Harold,  M.B.,  B.Ch.,  B.A.O.,  Physician. 
lo  St.  John's  and  St.  Elizabeth's  Hospital ;  and  W,  CECIL  BOSANQUET,  M.A.,  M.D., 
M.R.C.P.,  Assistant  Physician  to  Charing  Cross  Hospital,  etc  With  3i  Plates  (14  \a 
Colour)  and  numerous  Illustrations  in  the  Text.  Svo.,  ai^.  net.  buckram  ;  or  301,  net, 
half-morocco. 
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QVAIIf.—QUMii'S  yONES)  ELEMENTS  OF  ANATOMY.  The 
Teolh  Edition.  Edited  by  EdwabdAlbbktSckafbk,  F.R.S.,Prof<ssorofPhysio1(4^ 
ia  the  Universily  of  Edinburgh  ;  and  Oborgb  Oancbb  Thanb,  Professor  of  Anatomy 
in  Univeraly  Collie,  LdihIod. 


>L.  1..  Paht  I.    EMBRYOLOGY.     By 
E.   A.    SchXfek,    F.R.S.       With 
Illuslrations.     Royal  Sto.,  91. 


Vol.    II..    Part    i.      OSTEOLOGY - 

ARTHROLOGY.     By  G.  D.  Thanb. 

With  324  llluslranons.    Royal  Bvo.,  iii. 

Vol.     II.,     Past     IL      MYOLOGY— 

ANGEIOLOGY.      By  G.  D.  THANK. 

With    199    Illustrations.       Royal   flvo., 


Vol.  III.,  Past  I.  THE  SPINAL  CORD 

AND  BRAIN.      By  E.  A.  ScHAFES, 

F.R.S.     Wilb  139  Illusiratioas.     Royal 


Vol.  III.,  Part  II.  THE  NERVES.  Bjr 
G.  D.  Thanb.  With  101  Illustra- 
lions.     Royal  Bvo-,  91. 

Vou  III.,  Part  III.  THE  ORGANS  OF 
THE  SENSES.  By  E.  A.  SchXfbr. 
F.R.S.    With  178  IHuitrations.     Royal 


Vol.  III.,  Part  IV.  SPLANCHNO- 
LOGY. By  E.  A.  SchXpbB,  F.R.S., 
and  Johnson  Stuington.  M.D. 
Wilh  337   Illustrations.      Royal    Svo., 


Appendix  :  SUPERFICIAL  AND  SUR- 
GICAL ANATOMY.  By  Professor 
G-  D.  Thank  and  Professor  R.  J. 
GODLEE,  M.S.  With  39  Illustrations.  . 
Royal  Bvo..  6j.  6rf. 


CHAFER.  — WoxVs    by    E.    A.    SCHAFER,    F.R.S.,    Professor   of 
Physiology  in  the  University  of  Edinburgh. 


DIRECTIONS  FOR  CLASS  WORK  IN  PRACTICAL  PHYSIO- 
LOGY :  Elementary  Physiology  of  Muscle  and  Nerve  and  of  the  Vascular  and 
Nervous  Systems.    With  4B  Diagrams  and  x^  pages  oF  plain  paper  at  end  for  Notes. 


SMALE  AND   COZKffJe.— DISEASES  AND   INJURIES  OF  THE 

TEETH,  ittcluding  Pathology  and  Treatment.  By  Morton  SuALB,  M.R.C.S.,  L.S.A., 
L.D.S,,  Dental  Surgeon  to  St.  Mary's  Hospital,  Dean  of  ibe  School,  Dental  Hospital 
of  London,  etc. ;  and  J.  F.  Colter,  L.R.C.P.,  M.R.C.S.,  L.D.S.,  Dental  Surgeon  to 
Charing  Cross  Hospital  and  to  the  Dental  Hosptal  of  London.  Second  Edition, 
Revised  and  Enlarged  by  J.  F.  COLTBR.     With  640  Illustrations.     Large  crown  8vo., 
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STE yENSOM—Vf OVUDS  IN  WAR:  the  Mechanism  of  their  Pro- 
duction and  Iheir  TVealment.  By  Surgeon-General  W.  F.  Stevenson,  C.B.  {Army 
Medical  StaS),  B^,  M.B.,  M.Cb.  DnUin  UDiveraity,  Profeasoi  of  Militorr  Sintfcry, 
Royal  Army  Medical  CoH^e,  London.     Wilhia?  Illiauations.     Svo.,  iji.  net. 

r^/V.fi/A'^jP.— INTRODUCTION  TO  CHEMICAL  METHODS 
OF  CLINICAL  DIAGNOSIS.  By  Dr.  H.  Tappeinbs,  Professor  of  Phaimacok^y 
and  Principal  of  ihe  Phai'niacol<^^l  Inslitale  of  tbe  University  of  Munich.  Translated 
by  Edmond  }.  McWbbnbv,  M.A.,  M.D.  (Royal  Univ.  of  Ireland),  L.R.C.P.I.,  etc 

Crown  Svo.,  is.  bd. 

WALLER.— VioxVs  by  AUGUSTUS  D.  WALLER,  M.D.,  Lecturer 
on  Physiology  at  St,  Mary's  Hospital  Medical  School,  London ;  late 
External  Examiner  at  the  Victorian  University. 

AN  INTRODUCTION  TO  HUMAN  PHYSIOLOGY.     Third  Edi- 
tion, Revised.    With  314  lUuatrations.    Svo.,  181. 

LECTURES  ON  PHYSIOLOGY.    First  Series.    On  Animal  Electricity 
Svo.,  51.  net. 


VETERINARY  MEDICINE,  ETC. 


.SrJE-fiZ,— Works  by  JOHN  HENRY  STEEL,  F.R.C.V.S.,  F.Z.S, 
A.V.D.,  late  Professor  of  Veterinary  Science  and  Principal  of  Bombay 
Veterinary  College. 

A   TREATISE    ON    THE    DISEASES   OF  THE    DOG;    being    a 

Manool   of  CanitM   Pathology.     Especially   adapted   for   ibe   use  of   Veterinary 
Practitioners  attd  Students.    With  S8  Illuslrations.    8vo.,  loi.  dd. 

A    TREATISE    ON    THE    DISEASES    OF   THE    OX;    being  a 

Manual    of    Bovine   Pathology.      Especially    adapled    for    the    use    ol    Veterinary 
Practitioners  and  Students     With  a  Plates  and  117  Woodcuts.     Svo..  151, 

A  TREATISE  ON  THE  DISEASES  OF   THE   SHEEP;   being  a 

a  Manoal  of  Ovine  Pathology  for  the  use  of  Veterinaiy  Practitioners  and  Students. 
With  Coloured  Plate  and  93  Woodcuts.     Svo.,  lai. 

KOt/^rr.— Works  by  WILLIAM  YOUATT. 
THE  HORSE.     With  $3  Wood  Engravings.     Svo.,  ^s.  6d 
THE  DOG.     With  33  Wood  Engravings.     8vo.,  i>s. 
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